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฀U฀E฀ ฀T฀O฀ ฀t฀h฀e฀ ฀a฀b฀s฀e฀n฀c฀e฀ ฀o฀f฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀s฀ ฀(฀P฀M฀s฀)฀ ฀a฀n฀d฀ 
฀w฀i฀n฀d฀i฀n฀g฀s฀ ฀o฀n฀ ฀r฀o฀t฀o฀r฀,฀ ฀s฀w฀i฀t฀c฀h฀e฀d฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀(฀S฀R฀M฀s฀)฀ 
฀[฀1฀]฀ ฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀w฀i฀d฀e฀l฀y฀ ฀u฀s฀e฀d฀ ฀i฀n฀ ฀d฀o฀m฀e฀s฀t฀i฀c฀ ฀a฀p฀p฀l฀i฀a฀n฀c฀e฀s฀ ฀a฀n฀d฀ ฀m฀o฀r฀e฀-
฀e฀l฀e฀c฀t฀r฀i฀c฀a฀l฀ ฀a฀i฀r฀c฀r฀a฀f฀t฀,฀ ฀e฀t฀c฀.฀ ฀T฀h฀e฀ ฀m฀e฀r฀i฀t฀s฀ ฀o฀f฀ ฀l฀o฀w฀ ฀c฀o฀s฀t฀,฀ ฀f฀a฀u฀l฀t฀ ฀t฀o฀l฀e฀r฀a฀n฀c฀e฀,฀ 
฀s฀i฀m฀p฀l฀e฀ ฀r฀o฀t฀o฀r฀ ฀m฀a฀k฀e฀ ฀S฀R฀M฀s฀ ฀s฀u฀i฀t฀a฀b฀l฀e฀ ฀f฀o฀r฀ ฀c฀r฀i฀t฀i฀c฀a฀l฀-฀s฀a฀f฀e฀t฀y฀ 
฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀.฀ ฀N฀e฀v฀e฀r฀t฀h฀e฀l฀e฀s฀s฀,฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀u฀n฀i฀p฀o฀l฀a฀r฀ ฀n฀o฀n฀-
฀s฀i฀n฀u฀s฀o฀i฀d฀a฀l฀ ฀e฀x฀c฀i฀t฀a฀t฀i฀o฀n฀,฀ ฀n฀o฀n฀-฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀d฀r฀i฀v฀e฀ ฀c฀i฀r฀c฀u฀i฀t฀ ฀a฀n฀d฀ 
฀d฀o฀u฀b฀l฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀,฀ ฀S฀R฀M฀s฀ ฀s฀u฀f฀f฀e฀r฀ ฀f฀r฀o฀m฀ ฀h฀i฀g฀h฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀pl฀e฀,฀ 
฀a฀c฀o฀u฀s฀t฀i฀c฀ ฀n฀o฀i฀s฀e฀ ฀a฀n฀d฀ ฀v฀i฀b฀r฀a฀t฀i฀o฀n฀ ฀[฀2฀]฀.฀ ฀ 
฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀o฀v฀e฀r฀c฀o฀m฀e฀ ฀t฀h฀e฀ ฀a฀b฀o฀v฀e฀ ฀d฀r฀a฀w฀b฀a฀c฀k฀s฀,฀ ฀s฀e฀v฀e฀r฀a฀l฀ ฀P฀M฀-
฀a฀s฀s฀i฀s฀t฀e฀d฀ ฀m฀e฀t฀h฀o฀d฀s฀ ฀a฀r฀e฀ ฀r฀e฀c฀e฀n฀t฀l฀y฀ ฀e฀m฀p฀l฀o฀y฀e฀d฀ ฀i฀n฀ ฀S฀R฀M฀s฀ ฀[฀3฀]฀-฀[฀1฀7฀]฀ ฀[฀2 0 ]฀-
฀[฀2฀4฀]฀.฀ ฀A฀s฀ ฀a฀ ฀t฀y฀p฀i฀c฀a฀l฀ ฀a฀n฀d฀ ฀s฀i฀m฀p฀l฀e฀ ฀P฀M฀-฀a฀s฀s฀i฀s฀t฀e฀d฀ ฀s฀o฀l฀u฀t฀i฀o฀n฀,฀ ฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a l฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀(฀F฀R฀M฀s฀)฀ ฀[฀7฀]฀-฀[฀1฀7฀]฀ ฀[฀2฀0฀]฀-฀[฀2฀4฀]฀ ฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀o฀f฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ 
฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀i฀n฀t฀e฀r฀e฀s฀t฀ ฀i฀n฀ ฀t฀h฀e฀ ฀l฀a฀s฀t฀ ฀d฀e฀c฀a฀d฀e฀,฀ ฀o฀f฀ ฀w฀h฀i฀c฀h฀ ฀P฀M฀s฀ ฀a฀r฀e฀ ฀p฀l฀a฀ce d฀ o n฀ 
฀t฀h฀e฀i฀r฀ ฀s฀t฀a฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀s฀u฀r฀f฀a฀c฀e฀.฀ ฀A฀p฀a฀r฀t฀ ฀f฀r฀o฀m฀ ฀i฀n฀h฀e฀r฀i฀t฀i฀n฀g฀ ฀s฀i฀m฀p฀l฀e฀ ฀s฀al i e n t  
฀r฀o฀t฀o฀r฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀ ฀o฀f฀ ฀S฀R฀M฀s฀ ฀[฀1฀]฀,฀ ฀t฀h฀e฀ ฀m฀e฀r฀i฀t฀s฀ ฀o฀f฀ ฀e฀a฀s฀y฀ ฀t฀h฀e฀r฀m฀a฀l฀ 
฀m฀a฀n฀a฀g฀e฀m฀e฀n฀t฀,฀ ฀a฀l฀l฀e฀v฀i฀a฀t฀e฀d฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀i฀s฀s฀u฀e฀,฀ ฀a฀s฀ ฀w฀e฀l฀l฀ ฀a฀s฀ ฀in c r e a฀s฀e฀d฀ 
฀t฀o฀r฀q฀u฀e฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀w฀i฀t฀h฀ ฀F฀R฀M฀s฀.฀ ฀M฀o฀r฀e฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀l฀y฀,฀ 
฀s฀i฀n฀c฀e฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀ ฀i฀n฀d฀u฀c฀e฀s฀ ฀b฀i฀p฀o฀l฀a฀r฀ ฀a฀n฀d฀ 
฀s฀i฀n฀u฀s฀o฀i฀d฀a฀l฀l฀y฀ ฀v฀a฀r฀i฀e฀d฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀,฀ ฀F฀R฀M฀s฀ ฀c฀a฀n฀ ฀b฀e฀h฀a฀v฀e฀ ฀i฀n฀ ฀a฀ ฀s฀i฀m i฀l฀a฀r฀ 
฀ 
฀ 
฀ 
฀w฀a฀y฀ ฀a฀s฀ ฀b฀r฀u฀s฀h฀l฀e฀s฀s฀ ฀A฀C฀ ฀s฀y฀n฀c฀h฀r฀o฀n฀o฀u฀s฀ ฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀.฀ ฀C฀o฀n฀s฀e฀q฀u฀e฀n฀t฀l฀y฀,฀ 
฀t฀h฀e฀ ฀w฀e฀l฀l฀-฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀A฀C฀ ฀v฀e฀c฀t฀o฀r฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀m฀e฀t฀h฀o฀d฀s฀ ฀c฀a฀n฀ ฀b฀e฀ 
฀e฀m฀p฀l฀o฀y฀e฀d฀ ฀r฀a฀t฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀a฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀b฀r฀i฀d฀g฀e฀ ฀c฀o฀n฀v฀e฀r฀t฀e฀r฀ ฀t฀y฀p฀i฀c฀a฀l฀ 
฀f฀o฀r฀ ฀S฀R฀M฀s฀.฀ ฀T฀a฀k฀i฀n฀g฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀F฀R฀M฀s฀ ฀w฀i฀t฀h฀ ฀6฀ ฀s฀t฀a฀t฀o฀r฀ ฀s฀l฀o฀t฀s฀ ฀a฀s฀ ฀a฀n฀ 
฀i฀n฀s฀t฀a฀n฀c฀e฀,฀ ฀a฀s฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀,฀ ฀e฀t฀h฀e฀r฀ ฀o฀n฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀g฀e฀o฀m฀e฀tr i c a l l y  
฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀ ฀a฀s฀ ฀a฀ ฀S฀R฀M฀ ฀p฀l฀u฀s฀ ฀a฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀a฀l฀ ฀b฀i฀a฀s฀e฀d฀ ฀P฀M฀ ฀r฀i฀n฀g฀.฀ ฀I฀n฀ ฀t฀h฀i฀s฀ 
฀c฀a฀s฀e฀,฀ ฀w฀e฀ ฀c฀a฀n฀ ฀d฀e฀f฀i฀n฀e฀ ฀a฀ ฀P฀M฀-฀b฀i฀a฀s฀e฀d฀ ฀a฀n฀g฀l฀e฀ șPZ฀ a s฀ t h e  a n฀g l฀e฀ ฀b฀e฀t฀w e e n  
฀t฀h฀e฀ ฀c฀e฀n฀t฀r฀a฀l฀ ฀a฀x฀e฀s฀ ฀o฀f฀ ฀P฀M฀ ฀p฀o฀l฀e฀s฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀ ฀t฀o฀ ฀c฀o฀i฀l฀ ฀A฀1฀.  ฀H e n c฀e ,฀ ฀t฀h฀e฀ ฀F฀R M฀ 
฀w฀i฀t฀h฀ ฀“șPZ฀=฀1฀5ż ”฀ ฀r฀e฀f฀e฀r฀s฀ ฀t฀o฀ ฀w฀e฀l฀l฀-฀k฀n฀o฀w฀n฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀ 
฀(฀n฀a฀m฀e฀d฀ ฀a฀s฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀)฀ ฀[฀7฀]฀-฀[฀1฀7฀]฀.฀ ฀O฀n฀ ฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀h฀a฀n฀d฀,฀ ฀i฀f฀ șPZ฀= 0ż  
฀o฀r฀ ฀3฀0ż ,  a฀ ฀n฀e฀w฀ ฀F฀R฀M฀ ฀w฀i฀t฀h฀ ฀s฀h฀i฀f฀t฀e฀d฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀ ฀P฀M฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀c฀a฀n฀ ฀b฀e฀ 
฀o฀b฀t฀a฀i฀n฀e฀d฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀t฀e฀r฀m฀e฀d฀ ฀a฀s฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀.฀ ฀ 
฀T฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀i฀s฀s฀u฀e฀ ฀i฀s฀ ฀a฀ ฀m฀a฀j฀o฀r฀ ฀c฀o฀n฀c฀e฀r฀n฀ ฀i฀n฀ ฀t฀h฀e฀ ฀a฀b฀o฀v฀e฀ ฀F฀R฀M฀s฀,฀ 
฀w฀h฀i฀c฀h฀ ฀r฀e฀s฀t฀r฀i฀c฀t฀s฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀d฀e฀n฀s฀i฀t฀y฀.฀ ฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀r฀a฀r฀e฀-฀e฀a฀r฀t฀h฀ ฀PM  
฀m฀a฀t฀e฀r฀i฀a฀l฀,฀ ฀s฀u฀c฀h฀ ฀a฀s฀ ฀N฀d฀F฀e฀B฀,฀ ฀i฀s฀ ฀v฀e฀r฀y฀ ฀e฀x฀p฀e฀n฀s฀i฀v฀e฀,฀ ฀a฀n฀d฀ ฀s฀u฀f฀f฀e฀r฀s฀ ฀f฀r฀o฀m฀ 
฀l฀i฀m฀i฀t฀e฀d฀ ฀r฀e฀s฀o฀u฀r฀c฀e฀s฀ ฀s฀o฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀-฀p฀o฀l฀e฀ ฀(฀C฀P฀)฀ ฀P฀M฀ ฀d฀e฀s฀i฀g฀n฀ 
฀c฀o฀n฀c฀e฀p฀t฀ ฀[฀1฀8฀]฀ ฀[฀1฀9฀]฀ ฀i฀s฀ ฀r฀e฀c฀e฀n฀t฀l฀y฀ ฀e฀x฀t฀e฀n฀d฀e฀d฀ ฀t฀o฀ ฀F฀R฀M฀s฀ ฀[฀2฀0฀]฀-฀[฀2฀4฀]฀ ฀b฀y฀ 
฀r฀e฀p฀l฀a฀c฀i฀n฀g฀ ฀n฀e฀a฀r฀l฀y฀ ฀h฀a฀l฀f฀ ฀P฀M฀s฀ ฀w฀i฀t฀h฀ ฀i฀r฀o฀n฀ ฀p฀o฀l฀e฀s฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀P฀M  
฀i฀r฀r฀e฀v฀e฀r฀s฀i฀b฀l฀e฀ ฀d฀e฀m฀a฀g฀n฀e฀t฀i฀z฀a฀t฀i฀o฀n฀ ฀r฀i฀s฀k฀ ฀i฀s฀ ฀r฀e฀d฀u฀c฀e฀d฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀e฀x฀i฀s฀t฀e฀n c e  
฀o฀f฀ ฀i฀r฀o฀n฀ ฀p฀o฀l฀e฀s฀ ฀o฀n฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀s฀u฀r฀f฀a฀c฀e฀.฀ ฀B฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀a฀f฀o฀r฀e฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ 
฀F฀R฀M฀s฀ ฀w฀i฀t฀h฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀P฀M฀-฀b฀i฀a฀s฀e฀d฀ ฀a฀n฀g฀l฀e฀s฀ ฀r฀a฀n฀g฀i฀n฀g฀ ฀f฀r฀o฀m฀ ฀0ż฀ ฀t฀o฀ ฀3 0ż ,  
฀s฀e฀v฀e฀r฀a฀l฀ ฀a฀v฀a฀i฀l฀a฀b฀l฀e฀ ฀C฀P฀-฀F฀R฀M฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀l฀y฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ 
฀[฀2฀0฀]฀-฀[฀2฀4฀]฀,฀ ฀a฀s฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀.฀ 
฀B฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀ ฀[฀7฀]฀-฀[฀1฀7฀]฀,฀ ฀a฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀C฀P฀ 
฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀ ฀i฀s฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀i฀n฀ ฀[฀2฀0฀]฀ ฀[฀2฀1฀]฀,฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀(฀a฀) .  I n  
฀[฀2฀1฀]฀,฀ ฀t฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀C฀P฀ ฀a฀r฀r฀a฀n฀g฀e฀m฀e฀n฀t฀s฀ ฀o฀n฀ ฀t฀h฀e฀ 
฀e฀l฀e฀c฀t฀r฀o฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀o฀f฀ ฀C฀P฀-฀F฀R฀M฀s฀ ฀i฀s฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀,฀ 
฀w฀h฀i฀c฀h฀ ฀s฀u฀g฀g฀e฀s฀t฀s฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀e฀n฀h฀a฀nc฀e฀d฀ b y  
฀s฀e฀l฀e฀c฀t฀i฀n฀g฀ ฀a฀n฀ ฀a฀p฀p฀r฀o฀p฀r฀i฀a฀t฀e฀ ฀C฀P฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀.฀ ฀B฀e฀s฀i฀d฀e฀s฀,฀ ฀w฀h฀e฀n฀ 
฀m฀u฀l฀t฀i฀p฀l฀y฀i฀n฀g฀ ฀t฀h฀e฀ ฀P฀M฀ ฀s฀e฀g฀m฀e฀n฀t฀s฀ ฀p฀e฀r฀ ฀s฀t฀a฀t฀o฀r฀ ฀p฀o฀l฀e฀,฀ ฀s฀e฀v฀e฀r฀a฀l฀ ฀a฀l฀t฀e฀rn a t i฀v฀e฀ 
฀C฀P฀-฀F฀R฀M฀s฀ ฀a฀r฀e฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀s฀o฀ ฀a฀s฀ ฀t฀o฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀i฀m฀p฀r฀o฀v฀e฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e 
฀d฀e฀n฀s฀i฀t฀y฀ ฀[฀2฀2฀]฀.฀ ฀O฀v฀e฀r฀a฀l฀l฀,฀ ฀i฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀s฀ ฀e฀x฀h฀i฀b฀i฀t฀ ฀h฀i฀g h e฀r  
฀t฀o฀r฀q฀u฀e฀,฀ ฀w฀h฀e฀r฀e฀a฀s฀ ฀t฀h฀e฀i฀r฀ ฀m฀a฀g฀n฀e฀t฀ ฀u฀s฀a฀g฀e฀s฀ ฀a฀r฀e฀ ฀o฀n฀l฀y฀ ฀h฀a฀l฀f฀ ฀o฀f฀ ฀t฀h฀o฀s฀e฀ ฀of  
฀t฀h฀e฀ ฀r฀e฀g฀u฀l฀a฀r฀ ฀F฀R฀M฀s฀ ฀[฀2฀0฀]฀.฀ ฀ 
฀O฀n฀ ฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀h฀a฀n฀d฀,฀ ฀a฀s฀ ฀P฀M฀s฀ ฀a฀r฀e฀ ฀p฀l฀a฀c฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀c฀e฀n฀t฀e฀r฀s฀ ฀o฀f฀ ฀s฀t฀a฀t฀o฀r฀ 
฀p฀o฀l฀e฀s฀,฀ ฀a฀n฀o฀t฀h฀e฀r฀ ฀C฀P฀-฀F฀R฀M฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀ 
฀(șPZ฀=฀0ż )฀,฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀(฀b฀)฀,฀ ฀t฀e฀r฀m฀e฀d฀ ฀a฀s฀ ฀C฀P฀-฀F฀R฀M฀-฀I฀I฀.฀ 
฀A฀l฀t฀e฀r฀n฀a฀t฀e฀l฀y฀,฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀(฀s฀e฀e฀ ฀F฀i฀g฀.฀ ฀2฀(฀c฀)฀)฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ 
฀p฀a฀p฀e฀r฀ ฀i฀s฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀ ฀w฀i฀t฀h฀ ฀“șPZ฀=฀3 0ż ”฀,  
฀t฀e฀r฀m฀e฀d฀ ฀a฀s฀ ฀C฀P฀-฀F฀R฀M฀-฀I฀I฀I฀.฀ ฀D฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀e฀x฀i฀s฀t฀i฀n฀g฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀ 
฀[฀2฀0฀]฀-฀[฀2฀4฀]฀,฀ ฀t฀h฀e฀ ฀f฀e฀r฀r฀o฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀i฀r฀o฀n฀ ฀p฀o฀l฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ C P -
฀F฀R฀M฀ ฀a฀r฀e฀ ฀l฀o฀c฀a฀t฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀m฀i฀d฀d฀l฀e฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀s฀t฀a฀t฀o฀r฀ ฀p฀o฀l฀e฀s฀ 
฀(șPZ฀=฀3฀0ż฀)฀,฀ ฀w฀h฀i฀c฀h฀ ฀m฀a฀k฀e฀s฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀a฀n฀d฀ ฀r฀o฀t฀o฀r฀ ฀l฀a฀m฀i฀n฀a฀t฀i฀o฀n฀s฀ ฀s฀i฀m฀i฀l฀a฀r฀ 
฀t฀o฀ ฀t฀h฀o฀s฀e฀ ฀o฀f฀ ฀S฀R฀M฀s฀.฀ 
฀T฀h฀e฀ ฀m฀a฀i฀n฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀l฀i฀e฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀ti o n  
฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀ ฀p฀o฀l฀e฀ ฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀w฀i฀t฀h฀ ฀a฀ ฀n฀e฀w 
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฀D
฀ 
฀b฀i฀a฀s฀e฀d฀ ฀f฀l฀u฀x฀ ฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀t฀h฀e฀o฀r฀y฀.฀ ฀T฀h฀e฀ ฀n฀o฀v฀e฀l฀t฀y฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀c฀an  ฀b e  
฀s฀u฀m฀m฀a฀r฀i฀z฀e฀d฀ ฀a฀s฀ ฀f฀o฀l฀l฀o฀w฀s฀:฀ ฀1฀)฀ ฀a฀ ฀n฀o฀v฀e฀l฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀o฀d฀e฀l฀i฀n฀g฀ ฀m฀e฀t h o฀d฀ 
฀f฀o฀r฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀ ฀p฀o฀l฀e฀ ฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀i฀s฀ ฀e฀m฀p฀l฀o฀y฀ed  t o  
฀i฀d฀e฀n฀t฀i฀f฀y฀ ฀a฀n฀d฀ ฀q฀u฀a฀n฀t฀i฀f฀y฀ ฀t฀h฀e฀ ฀p฀r฀i฀m฀i฀t฀i฀v฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i c฀s฀ 
฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀n฀g฀ ฀t฀o฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀g฀e฀n฀e฀r฀a฀t฀i฀o฀n฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀o฀u฀n฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ 
฀a฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀i฀n฀ ฀m฀o฀r฀e฀ ฀a฀b฀un฀d฀a฀n฀t฀ 
฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀i฀n฀d฀u฀c฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀e฀v฀e฀n฀-฀o฀r฀d฀e฀r฀ ฀P฀M฀ ฀f฀i฀e฀l฀d฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ 
฀b฀e฀ ฀t฀e฀r฀m฀e฀d฀ ฀a฀s฀ ฀“฀b฀i฀a฀s฀e฀d฀ ฀f฀l฀u฀x฀ ฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀t฀h฀e฀o฀r฀y฀”฀ ฀t฀h฀a฀t฀ ฀i฀s฀ ฀a฀b฀se n฀t฀ ฀i n  
฀t฀h฀e฀ ฀e฀x฀i฀s฀t฀i฀n฀g฀ ฀l฀i฀t฀e฀r฀a฀t฀u฀r฀e฀s฀ ฀[฀2฀3฀]฀-฀[฀2฀5฀]฀;฀ ฀2฀)฀ ฀t฀h฀e฀ ฀u฀n฀d฀e฀r฀l฀y฀i฀n฀g฀ ฀re a฀s o฀n฀ o฀f฀ t h e฀ 
฀t฀o฀r฀q฀u฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀ ฀p฀o฀l฀e฀ 
฀t฀o฀p฀o฀l฀o฀g฀y฀ ฀o฀v฀e฀r฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀S฀P฀M฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀s฀ ฀i฀s฀ ฀r฀e฀v฀e฀a฀l฀e฀d฀;฀ 
฀3฀)฀ ฀t฀h฀e฀ ฀d฀e฀t฀a฀i฀l฀e฀d฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀C฀P฀ ฀F฀R฀M฀s฀ ฀i฀s฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ 
฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀o฀d฀e฀l฀i฀n฀g฀.฀ 
฀A฀l฀t฀h฀o฀u฀g฀h฀ ฀t฀h฀e฀ ฀p฀a฀r฀t฀i฀c฀u฀l฀a฀r฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀f฀l฀u฀x฀ ฀c฀a฀s฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀ 
฀p฀o฀l฀e฀ ฀F฀R฀M฀ ฀a฀r฀e฀ ฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀i฀n฀ ฀[฀2฀3฀]฀-฀[฀2฀5฀]฀,฀ ฀a฀n฀ ฀i฀n฀-฀d฀e฀p฀t฀h฀ ฀u฀n฀d฀e฀r฀s฀t฀a฀n฀d฀i฀n฀g  
฀o฀f฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀a฀s฀ ฀w฀e฀l฀l฀ ฀a฀s฀ ฀d฀e฀t฀a฀i฀l฀e฀d฀ ฀d฀e฀s฀i฀g฀n฀ 
฀p฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀N฀d฀F฀e฀B฀ ฀P฀M฀ ฀b฀a฀s฀e฀d฀ ฀C฀P฀-฀F฀R฀M฀s฀ ฀a฀r฀e฀ ฀s฀t฀i฀l฀l฀ 
฀u฀n฀e฀x฀p฀l฀o฀r฀e฀d฀ ฀h฀i฀t฀h฀e฀r฀t฀o฀.฀ 
฀T฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀w฀i฀l฀l฀ ฀b฀e฀ ฀o฀r฀g฀a฀n฀i฀z฀e฀d฀ ฀a฀s฀ ฀f฀o฀l฀l฀o฀w฀s฀:฀ ฀i฀n฀ ฀S฀e฀c฀t฀i฀o฀n฀ ฀I฀I฀,  a  
฀t฀y฀p฀i฀c฀a฀l฀ ฀C฀P฀-฀F฀R฀M฀ ฀t฀o฀p฀o฀l฀o฀g฀y฀ ฀i฀s฀ ฀d฀e฀s฀c฀r฀i฀b฀e฀d฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ 
฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀a฀n฀d฀ ฀i฀t฀s฀ ฀o฀r฀i฀g฀i฀n฀a฀l฀ ฀S฀P฀M฀-฀FR฀M฀-
฀I฀I฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀ ฀i฀s฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀.฀ ฀T฀h฀e฀n฀,฀ ฀i฀n฀ ฀S฀e฀c฀t฀i฀o฀n฀ ฀I฀I฀I฀,฀ ฀a฀ ฀s฀i฀m฀p฀l฀i฀f฀i฀e฀d฀ 
฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀o฀d฀e฀l฀ ฀i฀s฀ ฀e฀s฀t฀a฀b฀l฀i฀s฀h฀e฀d฀ ฀t฀o฀ ฀r฀e฀v฀e฀a฀l฀ ฀t฀h฀e฀ ฀u฀n฀d฀e฀r฀l฀yi฀n g  o r q u฀e฀ 
฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀.฀ ฀S฀e฀c฀t฀i฀o฀n฀ ฀I฀V฀ ฀i฀s฀ ฀d฀e฀v฀o฀t฀ed  
฀t฀o฀ ฀t฀h฀e฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀i฀o฀n฀ ฀o฀n฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀b฀y฀ ฀u฀s฀in g  
฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀o฀d฀e฀l฀.฀ ฀F฀i฀n฀a฀l฀l฀y฀,฀ ฀s฀o฀m฀e฀ ฀t฀e฀s฀t฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀s฀ ฀a฀r฀e฀ 
฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀t฀o฀ ฀v฀a฀l฀i฀d฀a฀t฀e฀ ฀t฀h฀e฀ ฀F฀E฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀i฀n฀ ฀S฀e฀ct i o฀n฀ V฀.฀ 
฀ 
฀ 
฀(฀a฀)฀ ฀(฀b฀)฀ 
฀ ฀ ฀(฀c฀)฀ ฀(฀d฀)฀ 
฀F฀i฀g฀.฀ ฀1฀.฀ ฀T฀o฀p฀o฀l฀o฀g฀i฀e฀s฀ ฀o฀f฀ ฀S฀P฀M฀-฀F฀R฀M฀s฀ ฀d฀e฀r฀i฀v฀e฀d฀ ฀f฀r฀o฀m฀ ฀S฀R฀M฀.฀ ฀(฀a฀)฀ ฀S฀R฀M .฀ ฀(฀b )  ฀P฀M฀ ฀r฀i฀n฀g฀.฀ 
฀(฀c฀)฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀,฀ șPZ฀=฀1฀5ż฀ ฀( c o฀n v e n฀t฀i฀o฀n฀a฀l฀)฀.฀ ฀(฀d฀)฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀,฀ șPZ฀=฀3 0ż  (฀n฀e฀w฀)฀.฀ 
630)50 &30)50
฀ ฀(฀a฀)฀ 
฀ (฀b฀)฀ 
฀ ฀( c฀)฀ 
฀F฀i฀g .฀ ฀2 .฀ ฀I฀l l฀u฀s฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀v฀a฀r฀i฀o฀u฀s฀ ฀C฀P฀-฀F฀R฀M฀s฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀(฀a฀)฀ ฀S฀P฀M฀-F฀R฀M฀- I ,  șPZ =฀1฀5ż฀ ( C฀P฀-
฀F฀R฀M฀-฀I฀)฀.฀ ฀(฀b฀)฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀,฀ șPZ฀=฀0ż .฀ ฀( C P - F R฀M - I )฀ ฀(฀c฀)฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀,฀ șPZ฀=฀3฀0ż .  
฀(฀C฀P฀-฀F฀R฀M฀-฀I฀I฀I฀)฀ 
,, )506:,7+630$1'&3&21),*85$7,216
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B y  ฀w฀a฀y฀ ฀o฀f฀ ฀e฀x฀a฀m p l฀e ,฀ t฀h฀e฀ ฀t฀o฀p฀o฀l฀o฀g฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀y฀p฀i฀c฀a฀l฀ ฀C฀P฀-฀F฀R฀M฀ 
฀(฀m฀o d e l฀-฀I฀I฀I฀)฀ ฀i฀s฀ s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀3฀ ฀b y฀ r p฀l฀a฀c฀i฀n฀g฀ ฀h฀a฀l฀f฀ ฀o฀f฀ ฀P฀M฀s฀ w i t h฀ 
i r฀o฀n฀ ฀p฀o฀l e s  b a s e฀d฀ ฀o฀n฀ ฀S P M฀-฀F฀R฀M฀-฀I฀I฀.฀ ฀T฀h฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀a฀l฀s฀o฀ 
g฀e o m e฀t฀r i c a฀l฀l฀y  c o n s i d e r e d  ฀a฀s฀ ฀a฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀S฀R฀M฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ 
฀d i฀a m t r i c a l l y  m a g n฀e฀t฀i฀z฀e฀d฀ ฀P฀M s  ฀b฀e฀t฀w฀e฀e฀n฀ ฀a฀d฀j฀a฀c฀e฀n฀t฀ ฀s฀t฀a฀t฀o฀r฀ ฀po l฀e s .  
฀T h e  P M฀s฀ a r e฀ ฀w฀i฀t฀h฀ ฀t h฀e฀ s a m฀e฀ ฀m฀a g n e t฀i฀z฀a฀t฀i฀o฀n฀ ฀d฀i฀r฀e฀c฀t฀i฀o฀n฀s฀,฀ ฀f฀o฀rm i฀n฀g฀ ฀a  
C฀P฀ ฀c฀o฀n฀f฀i฀g฀u r฀a฀t฀i฀o฀n฀.  ฀M e฀a฀n฀w h฀i฀l฀e฀,฀ t฀h฀e฀ ฀e x i฀s฀t฀e฀n฀c฀e฀ ฀o฀f฀ ฀f฀e฀r฀r฀o฀m฀a฀g฀n฀e฀ti c  
p o l e s  m฀a฀k฀e฀s฀ t h e  d i a e฀t฀r฀i฀c฀a฀l฀l y  m฀a฀g฀n฀e฀t฀i฀z฀e฀d฀ ฀P฀M฀s฀ ฀l฀e฀s฀s฀ ฀e฀x฀p฀o฀s฀e฀d฀ ฀t o฀ 
i r฀r e฀v฀e r฀s฀i฀b฀l฀e฀ ฀d฀e฀m a฀g฀n฀e฀t฀i฀z฀a฀t฀i฀o฀n  t h r a฀t฀s฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀i฀t฀ ฀c฀an  b e  
฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀a฀n฀d฀ ฀r฀o฀t฀o฀r฀ ฀l฀a฀m฀i฀n฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R M฀ 
฀a฀r฀e฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀t฀o฀ ฀t฀h฀o฀s฀e฀ ฀d฀o฀u฀b฀l฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀ ฀o฀f฀ ฀S฀R฀M฀s฀,฀ ฀w฀h฀i฀c฀h฀ 
฀p฀e฀r฀m฀i฀t฀s฀ ฀s฀i฀m฀p฀l฀i฀c฀i฀t฀y฀,฀ ฀r฀o฀b฀u฀s฀t฀n฀e฀s฀s฀ ฀a฀n฀d฀ ฀e฀a฀s฀e฀ ฀o฀f฀ ฀m฀a฀n฀u฀f฀a฀c฀t฀u฀r฀e฀.฀ ฀ 
฀ ฀(฀a฀)฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀3฀.฀ ฀T฀o฀p฀o฀l฀o฀g฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀y฀p฀i฀c฀a฀l฀ ฀C฀P฀-฀F฀R฀M฀.฀ ฀(฀a฀)฀ ฀3฀D฀-฀v฀i฀e฀w฀.฀ ฀(฀b฀)฀ ฀C฀r฀os s - s e c t i o n .  
฀T฀A฀B฀L฀E฀ I  
฀D฀E฀S฀I฀G฀N฀ ฀PA R A฀M฀E฀T฀E฀R฀S฀ ฀O฀F฀ ฀6฀/฀1฀1 - P฀O฀L E  F฀R M฀S฀ ฀W฀I฀T฀H฀ ฀S P฀M฀ A฀N฀D฀ C฀P 
฀A฀R฀R฀A฀N฀G฀E฀M฀E฀N฀T฀S 
฀M฀a฀c฀h฀i฀n฀e฀ ฀t฀y฀p฀e฀s฀ ฀U n i฀t ฀S฀P฀M฀ ฀C฀P 
฀R฀a฀t฀e฀d฀ ฀s฀p฀e฀e฀d r / m฀i฀n ฀4฀0฀0฀ 
฀R฀a฀t฀e฀d฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀A฀r฀m฀s฀ ฀7฀.฀5฀ 
฀S฀t฀a฀t฀o฀r฀ ฀o฀u฀t฀e฀r฀ ฀d฀i฀a฀m฀e฀t฀e฀r฀ ฀m฀m฀ ฀1฀0฀0฀ 
฀A฀i฀r฀-฀g฀a฀p฀ ฀l฀e฀n฀g฀t฀h฀ ฀m฀m฀ ฀0฀.฀5฀ 
฀A฀c฀t฀i฀v฀e฀ ฀s฀t฀a฀c฀k฀ ฀l฀e฀n฀g฀t฀h฀ ฀m฀m฀ ฀5฀0฀ 
฀S฀p฀l฀i฀t฀ ฀r฀a฀t฀i฀o฀ ฀-฀ ฀0฀.฀5฀5฀ 
฀S฀t฀a฀t฀o฀r฀ ฀b฀a฀c฀k฀-฀i฀r฀o฀n฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀ ฀m฀m฀ ฀4฀.฀5฀ 
฀S฀t฀a฀t฀o฀r฀ ฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀h฀ ฀m฀m฀ ฀8฀.฀5฀ 
฀R฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀h฀e฀i฀g฀h฀t฀ ฀m฀m฀ ฀4฀.฀5฀ 
฀R฀a฀t฀i฀o฀ ฀o฀f฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀t฀o฀ ฀p฀i฀t฀c฀h฀ ฀-฀ ฀0฀.฀3฀8฀ ฀0฀.฀3฀3฀ 
฀N฀d฀F฀e฀B฀ ฀m฀a฀g฀n฀e฀t฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀ ฀m฀m฀ ฀4฀ 
฀M฀a฀g฀n฀e฀t฀ ฀p฀o฀l฀e฀ ฀a฀r฀c฀ ฀d฀e฀g฀ ฀3฀0฀ ฀4฀3฀.฀2฀ 
฀M฀a฀g฀n฀e฀t฀ ฀u฀s฀a฀g฀e฀ ฀m฀m฀3  ฀3฀4฀5 5฀7฀.฀5฀ ฀2฀4฀8฀8฀1฀.฀4฀ 
฀M฀a฀g฀n฀e฀t฀ ฀g฀r฀a฀d฀e฀ ฀-฀ ฀N฀3฀5฀S฀H฀ 
șPZ żșPZ ż
g
șPZ ż șPZ ż
g
șPZ ż șPZ ż
฀ 
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฀T฀h฀e฀ ฀6฀/฀1฀1฀-฀p฀o฀l฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀i฀s฀ ฀t฀a฀k฀e฀n฀ ฀a฀s฀ ฀a฀n฀ ฀e฀x฀a฀m฀p฀l฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ 
฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀w฀i฀t฀h฀ ฀i฀t฀s฀ ฀S฀P฀M฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀.฀ 
฀T฀h฀e฀ ฀m฀a฀j฀o฀r฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀l฀i฀s฀te฀d฀ i฀n  
฀T฀a฀b฀l฀e฀ ฀I฀.฀ ฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ ฀m฀a฀c฀h฀i฀ne s  
฀s฀h฀a฀r฀e฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀ ฀o฀v฀e฀r฀a฀l฀l฀ ฀d฀i฀m฀e฀n฀s฀i฀o฀n฀s฀ ฀a฀n฀d฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀,฀ e t c฀.  
฀f฀o฀r฀ ฀a฀ ฀f฀a฀i฀r฀ ฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀.฀ 
฀ ฀F฀i฀g฀.฀ ฀4฀.฀ ฀R฀e฀l฀a฀t฀i฀o฀n฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀a฀x฀i฀s฀ ฀a฀n฀g฀l฀e฀ ฀a฀n฀d฀ ฀m฀a฀x฀i฀m฀u฀m฀ ฀p฀h฀a฀s฀e฀ ฀f฀l฀u฀x฀ ฀l i n k a g฀e฀s฀ o f฀ t h e  
฀6฀/฀1฀1฀-฀p฀o฀l฀e฀ ฀S฀P฀M฀-฀ ฀a฀n฀d฀ ฀C฀P฀-฀F฀R฀M฀s฀.฀ ฀ 
2SHQ&LUFXLW3HUIRUPDQFH
฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀h฀i฀g฀h฀l฀i฀g฀h฀t฀ ฀t฀h฀e฀ ฀a฀d฀v฀a฀n฀t฀a฀g฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀C฀P฀-
฀F฀R฀M฀,฀ ฀a฀s฀ ฀w฀e฀l฀l฀ ฀a฀s฀ ฀o฀b฀t฀a฀i฀n฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀P฀M฀-฀b฀i฀a฀s฀e฀d฀ ฀a฀n฀g฀l฀e฀,฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ 
฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀ ฀a฀n฀d฀ ฀C฀P฀-฀F฀R฀M฀s฀ ฀a฀s฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀s฀ ฀o฀f șPZ฀ ฀a฀r฀e  
฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀4฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ șPZ ฀f฀o฀r฀ 
฀m฀a฀x฀i฀m฀i฀z฀i฀n฀g฀ ฀t฀h฀e฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀ ฀i฀s฀ ฀3฀0฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀d฀e฀g฀r฀e฀e฀s฀ ฀f฀o฀r฀ ฀bo t h  
฀S฀P฀M฀-฀ ฀a฀n฀d฀ ฀C฀P฀-฀F฀R฀M฀s฀ ฀d฀u฀e฀ ฀t฀o฀ ฀l฀e฀s฀s฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀,฀ ฀a฀s฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀d฀ i n  
฀t฀h฀e฀ ฀o฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀e฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀5฀.฀ ฀T฀h฀u฀s฀,฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀ ฀a฀n฀d฀ 
฀C฀P฀-฀F฀R฀M฀s฀ ฀w฀i฀t฀h฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀s฀h฀i฀f฀t฀e฀d฀ șPZ฀ o฀f  3฀0ż฀ ฀a฀r฀e฀ ฀c฀h฀o฀s฀e n  a s ฀t฀h฀e฀ 
฀f฀o฀c฀u฀s฀e฀s฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀.฀ ฀ 
630,șPZ ż 630,,șPZ ż
฀ ฀(฀a฀)฀ 
&3,șPZ ż฀ &3,,șPZ ż฀ &3,,,șPZ ż฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀5฀.฀ ฀O฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀f฀i฀e฀l฀d฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀(฀a฀)฀ ฀S฀P฀M฀-฀ ฀a฀n฀d  ( b )  C P -฀F฀R฀M฀s  w฀i฀t฀h฀ 
฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀P฀M฀-฀b฀i฀a฀s฀e฀d฀ ฀a฀n฀g฀l฀e฀s฀.฀ 
7RUTXH3HUIRUPDQFH
฀T฀h฀e฀ ฀o฀n฀-฀l฀o฀a฀d฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀a฀l฀l฀ ฀t฀h฀e฀ ฀F฀R฀M฀ ฀m฀o฀de l฀s฀ 
฀h฀a฀v฀i฀n฀g฀ ฀S฀P฀M฀ ฀a฀n฀d฀ ฀C฀P฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀6฀.฀ ฀I฀t฀ ฀i฀m฀p฀l฀i฀e฀s฀ 
฀t฀h฀a฀t฀ ฀z฀e฀r฀o฀ G฀-฀a฀x i s฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀i฀s฀ ฀a฀p฀p฀r฀o฀p฀r฀i฀a฀t฀e฀ ฀t฀o฀ ฀m฀a฀x฀i฀m฀i฀z฀e฀ ฀t฀h฀e฀ 
฀t฀o฀r฀q฀u฀e฀ ฀r฀e฀g฀a฀r฀d฀l฀e฀s฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀P฀M฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀a฀v฀e฀r฀a฀g฀e฀ 
฀t฀o฀r฀q฀u฀e฀ ฀a฀n฀d฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀o฀f฀ ฀a฀l฀l฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀ ฀a฀n฀d฀ ฀C฀P฀-฀F฀R M฀s฀ 
฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀5฀ ฀a฀r฀e฀ ฀t฀a฀b฀u฀l฀a฀t฀e฀d฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀I฀I฀.฀ ฀I฀t฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀s฀ ฀t h a t  
฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀ ฀c฀u฀r฀r฀e฀n฀t฀,฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀-฀I฀I฀I฀ ฀c฀a฀n฀ ฀d฀e฀l฀i฀v฀e฀r฀ ฀t฀h฀e฀ 
฀h฀i฀g฀h฀e฀s฀t฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀l฀o฀w฀e฀s฀t฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀b฀y฀ ฀u฀s฀i฀n฀g฀ 
฀e฀v฀e฀n฀ ฀2฀8฀%฀ ฀l฀o฀w฀e฀r฀ ฀m฀a฀g฀n฀e฀t฀ ฀u฀s฀a฀g฀e฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀.฀ 
฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀ ฀s฀h฀o฀w฀s฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀o฀r฀q฀u฀e฀ 
c a p a b i l i฀t฀y฀ ฀t฀h฀a฀n฀ t h e  S฀P฀M฀- F R฀M -฀I฀.฀ ฀T฀h฀e฀ ฀h฀i฀g฀h฀e฀s฀t฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e  c a n  
b e  ฀o฀b฀s฀e r฀v฀e฀d  ฀i฀n฀ ฀t฀h฀e฀ ฀C P -฀I฀ a฀n฀d฀ C฀P฀-฀I฀I฀ m฀o d฀e฀l฀s฀.฀ ฀T฀h฀i฀s฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀d฀u฀e  
฀t o  ฀t฀h฀e  ฀f฀a c t  ฀t฀h a฀t฀ ฀t฀h e  C P฀- F฀R฀M - I I I  s h฀o฀w฀s฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀l฀y฀ ฀l฀o฀w฀er  f l฀u x  
฀l฀e฀a฀k฀a g e  t h a n  i t s฀ ฀S฀P M฀ c o u฀n฀t฀e฀r฀p฀a฀r฀t ,  ฀a฀s฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀d฀ ฀i฀n฀ ฀Fi฀g฀.฀ ฀5฀.฀ A s  a  
฀r฀e฀s u฀l฀t฀,  t h e  C฀P฀-฀F฀R฀M - I I I฀ i s  ฀s฀e฀l฀e฀c t฀e฀d  ฀f฀o฀r฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a t฀i฀o฀n ,฀ 
฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀t฀e฀r฀m฀e฀d฀ ฀a฀s฀ ฀C฀P฀-฀F฀R฀M฀ ฀f฀o฀r฀ ฀s฀i฀m฀p฀l฀i฀c฀i฀t฀y฀ ฀i฀n฀ ฀t฀h฀e฀ ฀f฀o฀l฀l฀ow i n g  
฀S฀e฀c฀t฀i฀o฀n฀s฀.฀ ฀T฀h฀e฀ ฀u฀n฀d฀e฀r฀l฀y฀i฀n฀g฀ ฀t฀o฀r฀q฀u฀e฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m o f  
฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀w฀i฀l฀l฀ ฀b฀e฀ ฀r฀e฀v฀e฀a฀l฀e฀d฀ ฀a฀n฀d฀ ฀d฀e฀t฀a฀i฀l฀e฀d฀ ฀l฀a฀t฀e฀r฀.฀ ฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀6฀.฀ ฀T฀o฀r฀q฀u฀e฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀6฀/฀1฀1฀-฀p฀o฀l฀e฀ ฀S฀P฀M฀-฀ ฀a฀n฀d฀ ฀C฀P - F R M฀s .  ฀(฀a )฀ ฀T o r q u e  
฀v฀e฀r฀s฀u฀s฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀a฀n฀g฀l฀e฀.฀ ฀(฀b฀)฀ ฀S฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀ ฀t฀o฀r฀q฀u฀e฀.฀ 
฀T฀A฀B฀L฀E฀ I I  
฀C฀O฀M฀P฀A฀R฀I฀S฀O฀N฀ ฀O฀F฀ TO R Q U฀E฀ ฀CH A R฀A฀C฀T฀E฀R฀I฀S฀T฀I฀C฀S฀ ฀O฀F฀ 6 -฀S฀T A฀T฀O฀R- SL O T฀ ฀S P M฀ A฀N฀D฀ 
฀C฀P฀-฀F฀R฀M฀S฀ ฀UN฀D฀E฀R฀ R฀A฀T฀E฀D- L฀O฀A฀D฀ ฀O฀P E฀R฀A฀T฀I฀O฀N฀ 
฀M฀o฀d฀e฀l฀ ฀A฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀(฀Nā฀m฀)฀ ฀T฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀(฀%฀)฀ 
฀S฀P฀M฀-฀I฀ ฀3฀.฀0฀6฀ ฀4฀.฀5฀3฀ 
฀S฀P฀M฀-฀I฀I฀ ฀3฀.฀1฀8฀ ฀6฀.฀1฀7฀ 
฀C฀P฀-฀I฀ ฀3฀.฀6฀2฀ ฀1฀8฀.฀9฀2฀ 
฀C฀P฀-฀I฀I฀ ฀2฀.฀2฀8฀ ฀1฀8฀.฀0฀9฀ 
&3,,,  
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฀S฀i฀n฀c฀e฀ ฀t฀h฀e฀ ฀N฀d฀F฀e฀B฀ ฀P฀M฀s฀ ฀a฀r฀e฀ ฀c฀l฀o฀s฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀p฀o฀l฀e฀s฀ ฀a฀n฀d฀ 
฀w฀i฀n฀d฀i฀n฀g฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ ฀u฀s฀u฀a฀l฀l฀y฀ ฀t฀h฀e฀ ฀h฀o฀t฀ ฀s฀p฀o฀t฀s฀,฀ ฀t฀h฀e฀ ฀t฀h฀e฀r฀m฀a฀l฀ ฀b฀e฀h฀a฀vi o r฀s฀ 
฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀F฀R฀M฀s฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀a฀c฀c฀o฀r฀d฀i฀n฀g฀l฀y฀ ฀e฀v฀a฀l฀u฀a฀t฀e฀d฀.฀ ฀A฀ ฀3฀-฀D฀ ฀F฀E฀ 
฀t฀h฀e฀r฀m฀a฀l฀ ฀m฀o฀d฀e฀l฀ ฀i฀s฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀t฀o฀ ฀p฀e฀r฀f฀o฀r฀m฀ ฀t฀h฀e฀ ฀t฀h฀e฀r฀m฀a฀l฀ ฀a฀n฀a฀l฀y฀s฀es฀ ฀o฀f฀ 
฀t฀h฀e฀ ฀t฀w฀o฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀m฀o฀d฀e฀l฀s฀.฀ ฀F฀o฀r฀ ฀r฀e฀d฀u฀c฀i฀n฀g฀ ฀t฀h฀e฀ ฀c฀o฀m฀p฀u฀t฀a฀t฀i฀o฀n฀ 
฀r฀e฀s฀o฀u฀r฀c฀e฀ ฀r฀e฀q฀u฀i฀r฀e฀m฀e฀n฀t฀,฀ ฀s฀o฀m฀e฀ ฀a฀s฀s฀u฀m฀p฀t฀i฀o฀n฀s฀ ฀o฀r฀ ฀s฀i฀m฀p฀l฀i฀f฀i฀c฀a฀t฀i฀o฀n฀s฀ a r e฀ 
฀m฀a฀d฀e฀.฀ ฀F฀i฀r฀s฀t฀,฀ ฀b฀o฀t฀h฀ ฀t฀h฀e฀ ฀F฀R฀M฀s฀ ฀n฀a฀t฀u฀r฀a฀l฀l฀y฀ ฀a฀i฀r฀-฀c฀o฀o฀l฀e฀d฀;฀ ฀t฀h฀e฀ ฀e฀n฀d฀ 
฀w฀i฀n฀d฀i฀n฀g฀s฀ ฀a฀r฀e฀ ฀m฀o฀d฀e฀l฀l฀e฀d฀ ฀a฀s฀ ฀a฀ ฀t฀o฀r฀u฀s฀ ฀e฀n฀t฀i฀t฀y฀;฀ ฀t฀h฀e฀ ฀h฀e฀a฀t฀ ฀t฀r฀a฀n฀s฀f฀e฀r฀r฀e฀d฀ ฀t฀o฀ 
฀a฀l฀l฀ ฀t฀h฀e฀ ฀a฀i฀r฀ ฀r฀e฀g฀i฀o฀n฀s฀ ฀i฀s฀ ฀u฀n฀i฀f฀o฀r฀m฀l฀y฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀e฀d฀,฀ ฀a฀n฀d฀ ฀h฀e฀n฀c฀e,  a l l฀ ฀t฀h e฀ 
฀t฀h฀e฀r฀m฀a฀l฀ ฀t฀r฀a฀n฀s฀f฀e฀r฀ ฀b฀r฀a฀n฀c฀h฀e฀s฀ ฀j฀o฀i฀n฀ ฀t฀o฀g฀e฀t฀h฀e฀r฀ ฀a฀t฀ ฀t฀h฀e฀ ฀a฀i฀r฀ ฀r฀e฀g฀i฀o฀n฀s฀ ฀[฀26 ] .  
฀T฀h฀e฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀ ฀a฀n฀d฀ ฀C฀P฀-฀F฀R฀M฀s 
฀u฀n฀d฀e฀r฀ ฀r฀a฀t฀e฀d฀-฀l฀o฀a฀d฀ ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀7฀.฀ ฀T฀h฀e฀ ฀a฀m฀b฀ie n t  
฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀i฀s฀ ฀a฀s฀s฀u฀m฀e฀d฀ ฀t฀o฀ ฀b฀e฀ ฀2฀0฀ ฀°฀C฀.฀ ฀F฀o฀r฀ ฀t฀h฀e฀ ฀S฀P฀M฀ ฀c฀a฀s฀e฀,  ฀t฀h฀e฀ ฀p฀e a฀k  
฀t฀e฀m฀p฀e฀r฀a฀t฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀a฀r฀m฀a฀t฀u฀r฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀i s  
฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀l฀y฀ ฀1฀0฀1฀.฀2฀ ฀°฀C฀.฀ ฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ ฀h฀o฀t฀t฀e฀s฀t฀ ฀s฀p฀o฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀P฀M  
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5RWRUSRVLWLRQ(OHFGHJ
฀S฀P฀M฀-฀I฀S฀P฀M฀-฀I฀I฀C฀P฀-฀I฀C฀P฀-฀I฀I฀C฀P฀-฀I฀I฀I
฀ 
฀c฀a฀n฀ ฀b฀e฀ ฀f฀o฀u฀n฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀r฀i฀g฀h฀t฀ ฀s฀i฀d฀e฀,฀ ฀~฀7฀1฀.฀1฀ ฀°฀C฀.฀ ฀T฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀l฀y฀ ฀p฀o o r฀ 
฀a฀i฀r฀f฀l฀o฀w฀ ฀a฀n฀d฀ ฀b฀e฀t฀t฀e฀r฀ ฀c฀o฀n฀v฀e฀c฀t฀i฀o฀n฀ ฀h฀e฀a฀t฀ ฀t฀r฀a฀n฀s฀f฀e฀r฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t h e  
฀l฀e฀f฀t฀-฀s฀i฀d฀e฀ ฀e฀n฀c฀l฀o฀s฀u฀r฀e฀ ฀a฀r฀e฀ ฀m฀a฀i฀n฀l฀y฀ ฀r฀e฀s฀p฀o฀n฀s฀i฀b฀l฀e฀ ฀f฀o฀r฀ ฀t฀h฀i฀s฀.฀ ฀O฀n฀ ฀t฀h฀e฀ ฀o฀t฀h e r  
฀h฀a฀n฀d฀,฀ ฀t฀h฀e฀ ฀h฀i฀g฀h฀e฀s฀t฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀s฀ ฀a฀r฀e฀ 9 7 . 0  
฀°฀C฀ ฀a฀n฀d฀ ฀3฀8฀.฀6฀ ฀°฀C฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀T฀h฀e฀ ฀o฀v฀e฀r฀a฀l฀l฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀C฀P฀-฀F฀R฀M฀ ฀i฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ 
฀a฀t฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀l฀a฀r฀g฀e฀r฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀v฀o฀l฀u฀m฀e฀ ฀a฀n฀d฀ ฀h฀i฀g฀h฀e฀r฀ ฀h฀e฀a฀t฀ ฀f฀l฀o฀w฀ 
฀d฀e฀n฀s฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀ ฀c฀a฀s฀e฀.฀ 
30'HPDJQHWL]DWLRQ:LWKVWDQG&DSDELOLW\
฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀e฀x฀a฀m฀i฀n฀e฀ ฀t฀h฀e฀ ฀P฀M฀ ฀d฀e฀m฀a฀g฀n฀e฀t฀i฀z฀a฀t฀i฀o฀n฀ ฀w฀i฀t฀h฀s฀t฀a฀n฀d฀i฀n฀g฀ 
฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀,฀ ฀t฀h฀e฀ ฀o฀p฀e฀r฀a฀t฀i฀n฀g฀ ฀p฀o฀i฀n฀t฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀ti฀o฀n฀s฀ ฀a n d฀ 
฀v฀a฀r฀i฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀f฀i฀v฀e฀ ฀t฀y฀p฀i฀c฀a฀l฀ ฀P฀M฀ ฀p฀o฀i฀n฀t฀s฀ ฀u฀n฀d฀e฀r฀ ฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀ ฀a฀n฀d฀ ฀8฀0฀o฀C฀ 
฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀8฀.฀ ฀I฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀a฀l฀l฀ ฀t฀h฀e฀ ฀P฀M฀ ฀w฀o฀r฀k฀i฀n฀g฀ ฀p฀o฀i฀n฀t฀s฀ 
฀e฀x฀c฀e฀e฀d฀s฀ ฀t฀h฀e฀ ฀i฀r฀r฀e฀v฀e฀r฀s฀i฀b฀l฀e฀ ฀d฀e฀m฀a฀g฀n฀e฀t฀i฀z฀a฀t฀i฀o฀n฀ ฀t฀h฀r฀e฀s฀h฀o฀l฀d฀ ฀v฀a฀l฀u฀e฀.฀ ฀T฀h a t  
฀i฀s฀ ฀t฀o฀ ฀s฀a฀y฀,฀ ฀t฀h฀e฀ ฀o฀n฀-฀l฀o฀a฀d฀ ฀a฀c฀c฀i฀d฀e฀n฀t฀a฀l฀ ฀P฀M฀ ฀d฀e฀m฀a฀g฀n฀e฀t฀i฀z฀a฀t฀i฀o฀n฀ ฀c฀a฀n฀ ฀b฀e฀ 
฀w฀e฀l฀l฀ ฀p฀r฀e฀v฀e฀n฀t฀e฀d฀.฀ ฀I฀n฀ ฀f฀a฀c฀t฀,฀ ฀i฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀t฀h฀a฀t฀ ฀o฀n฀e฀ 
฀a฀d฀v฀a฀n฀t฀a฀g฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀o฀v฀e฀r฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀r฀o฀t฀o฀r฀ 
฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀t฀h฀e฀ ฀e฀a฀s฀y฀ ฀t฀h฀e฀r฀m฀a฀l฀ ฀m฀a฀n฀a฀g฀e฀m฀e฀n฀t฀ ฀a฀n฀d฀ ฀h฀e฀a฀t฀ ฀d฀i฀s฀s฀i฀p฀a฀t฀i฀o฀n฀ 
฀i฀f฀ ฀a฀ ฀b฀e฀t฀t฀e฀r฀ ฀c฀o฀o฀l฀i฀n฀g฀ ฀t฀e฀c฀h฀n฀i฀q฀u฀e฀ ฀i฀s฀ ฀e฀m฀p฀l฀o฀y฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀p฀r฀a฀c฀t฀i฀c฀al฀ 
฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀[฀2฀6฀]฀.฀ ฀ 
&3)50 630)50,,
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀ ฀(฀c฀)฀ 
฀ ฀(฀d฀)฀ 
฀ ฀(฀e฀)฀ 
฀F฀i฀g฀.฀ ฀7฀.฀ ฀T฀h฀e฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀c฀o฀n฀t฀o฀u฀r฀s฀ ฀@฀ ฀4฀0฀0฀r฀/฀m฀i฀n฀ ฀a฀n฀d฀ ฀r฀a฀t฀e฀d฀ l o a d฀.  ( a )  T h e  o฀v e r฀a฀l฀l฀ 
฀v฀i฀e฀w฀.฀ ฀(฀b฀)฀ ฀T฀h฀e฀ ฀r฀a฀d฀i฀a฀l฀ ฀c฀u฀t฀a฀w฀a฀y฀ ฀v฀i฀e฀w฀.฀ ฀(฀c฀)฀ ฀T฀h฀e฀ ฀t฀a฀n฀g฀e฀n฀t฀i฀a฀l฀ ฀c฀u t฀a฀w y  ฀v฀i฀e฀w .  ฀(฀d )  ฀T h e  
฀P฀M฀ ฀t฀e฀m฀p฀e฀r฀a฀t฀u฀r฀e฀ ฀f฀i฀e฀l฀d฀s฀.฀ ฀(฀e฀)฀ ฀T฀h฀e฀ ฀a฀r฀m฀a฀t฀u฀r฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀8฀.฀ ฀E฀x฀a฀m฀i฀n฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀P฀M฀ ฀d฀e฀m฀a฀g฀n฀e฀t฀i฀z฀a฀t฀i฀o฀n฀ ฀w฀i฀t฀h฀s฀t฀a฀n฀d฀ ฀c฀a฀p฀ab i฀l i฀t฀y  @฀ ฀R a t e d - l o d฀,฀ 
฀8฀0฀o C฀.฀ ฀(฀a฀)฀ ฀P฀M฀ ฀f฀i฀e฀l฀d฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀.฀ ฀(฀b฀)฀ ฀P฀M฀ ฀w฀o฀r฀k฀i฀n฀g฀ ฀p฀o฀i฀n฀t฀ ฀v฀a฀r฀i฀a฀t฀i฀o n .฀ 
฀ ฀(฀a฀)฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀9฀.฀ ฀T฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀n฀o฀d฀a฀l฀ ฀f฀o฀r฀c฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀@฀ ฀4฀0฀0฀r฀/฀m฀i฀n฀ ฀an  r a t e d  l o a d .  ( a )  S P฀M฀-
฀F฀R฀M฀-฀I฀I฀.฀ ฀(฀b฀)฀ ฀C฀P฀-฀F฀R฀M฀.฀ 
0HFKDQLFDO$VSHFWV
฀T฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀F฀R฀Ms  
฀h฀a฀v฀i฀n฀g฀ ฀S฀P฀M฀ ฀a฀n฀d฀ ฀C฀P฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀ ฀a฀r฀e฀ ฀e฀v฀a฀l฀u฀a฀t฀e฀d฀.฀ ฀F฀i฀g฀.฀ ฀9฀ ฀s฀h฀o฀w฀s  ฀t฀h฀e฀ 
฀n฀o฀d฀a฀l฀ ฀f฀o฀r฀c฀e฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀F฀R฀M฀s฀.฀ ฀I฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m u m฀ 
฀f฀o฀r฀c฀e฀ ฀v฀a฀l฀u฀e฀s฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀6฀0฀9฀.฀0฀2฀N฀ ฀a฀n฀d฀ ฀9฀6฀8฀.฀7฀5฀N฀,฀ 
฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀S฀u฀b฀s฀e฀q฀u฀e฀n฀t฀l฀y฀,฀ ฀t฀h฀e฀ ฀r฀a฀d฀i฀a฀l฀ ฀a฀n฀d฀ ฀t฀a฀n฀g฀e฀n฀t฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s 
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀u฀n฀d฀e฀r฀ ฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀ ฀a฀s฀ ฀w฀e฀l฀l  a s฀ 
฀s฀p฀e฀e฀d฀ ฀a฀r฀e฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀b฀y฀ ฀i฀n฀p฀u฀t฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀f฀o฀r฀c฀e฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀i฀n฀t฀o฀ ฀t฀h฀e฀ 3 D฀ ฀F฀E฀ 
฀m฀o฀d฀e฀l฀ ฀b฀u฀i฀l฀t฀ ฀i฀n฀ ฀A฀N฀S฀Y฀S฀ ฀W฀o฀r฀k฀b฀e฀n฀c฀h฀,฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀0฀.฀ ฀T฀h฀e฀ 
฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀s฀t฀r฀e฀s฀s฀ ฀v฀e฀r฀s฀u฀s฀ ฀s฀p฀e฀e฀d฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.  
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฀A
฀B
฀C
฀D
฀E
'HPDJQHWL]DWLRQOLPLW
฀ 
฀1฀1฀.฀ ฀I฀t฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀b฀o฀t฀h฀ ฀t฀h฀e฀ ฀s฀t฀r฀e฀s฀s฀e฀s฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀s฀t฀e฀a฀d฀i฀l฀y฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ 
฀s฀p฀e฀e฀d฀ ฀r฀i฀s฀e฀s฀.฀ ฀B฀e฀s฀i฀d฀e฀s฀,฀ ฀a฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀a฀n฀g฀e฀n฀t฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀ob s e r v฀e d฀ 
฀i฀n฀ ฀t฀h฀e฀ ฀C฀P฀ ฀c฀a฀s฀e฀,฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M฀ ฀s฀h฀o฀w฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀r฀a฀d฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀.฀ 
630)50,, &3)50
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀0฀.฀ ฀T฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀@ 4฀0฀0฀r฀/฀m฀i฀n฀ ฀a฀n d  a t e d  l o a฀d฀.฀ 
฀(฀a฀)฀ ฀R฀a฀d฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀.฀ ฀(฀b฀)฀ ฀T฀a฀n฀g฀e฀n฀t฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀.฀ 
฀ ฀(฀a฀)฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀1฀.฀ ฀T฀h฀e฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀s฀p฀e฀e฀d฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ u n d e฀r฀ ฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀.฀ ฀(฀a฀)฀ 
฀R฀a฀d฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀.฀ ฀(฀b฀)฀ ฀T฀a฀n฀g฀e฀n฀t฀i฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀.฀ 
,,, ,19(67,*$7,212):25.,1*0(&+$1,60
$ 2SHUDWLQJ3ULQFLSOH
฀T฀h฀e฀ ฀o฀p฀e฀r฀a฀t฀i฀n฀g฀ ฀p฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀o฀f฀ ฀C฀P฀-฀F฀R฀M฀ ฀c฀a฀n฀ ฀b฀e฀ ฀u฀n฀d฀e฀r฀s฀t฀o฀o฀d฀ ฀f฀r฀o฀m฀ 
฀t฀w฀o฀ ฀p฀e฀r฀s฀p฀e฀c฀t฀i฀v฀e฀s฀.฀ ฀F฀i฀r฀s฀t฀,฀ ฀t฀h฀e฀ ฀p฀e฀r฀i฀o฀d฀i฀c฀a฀l฀ ฀a฀l฀i฀g฀n฀m฀e฀n฀t฀ ฀a฀n฀d฀ 
฀m฀i฀s฀a฀l฀i฀g฀n฀m฀e฀n฀t฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀s฀t฀a฀t฀o฀r฀ ฀a฀n฀d฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀s฀ ฀r฀e฀s฀u฀l฀t฀ ฀i฀n฀ ฀t฀h฀e฀ 
฀b฀i฀p฀o฀l฀a฀r฀ ฀v฀a฀r฀i฀e฀d฀ ฀f฀l฀u฀x฀-฀l฀i฀n฀k฀a฀g฀e฀,฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀2฀.฀ ฀I฀t฀ ฀i฀s฀ ฀w฀o฀rt h  
฀m฀e฀n฀t฀i฀o฀n฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀c฀o฀i฀l฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀ ฀i฀s฀ ฀n฀o฀n฀-฀s฀i฀n฀u฀s฀o฀i฀d฀a฀l฀ ฀d฀u฀e฀ ฀t฀o 
฀t฀h฀e฀ ฀u฀n฀b฀a฀l฀a฀n฀c฀e฀d฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀f฀l฀u฀x฀e฀s฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀P฀M฀ ฀a฀n฀d฀ ฀i฀r฀o฀n฀ ฀p฀o฀l฀e฀s฀.฀ 
฀N฀e฀v฀e฀r฀t฀h฀e฀l฀e฀s฀s฀,฀ ฀t฀h฀e฀ ฀r฀e฀s฀u฀l฀t฀a฀n฀t฀ ฀p฀h฀a฀s฀e฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀ ฀i฀s฀ ฀s฀t฀i฀l฀l ฀s฀i฀n฀u s o i฀d a l  
฀a฀n฀d฀ ฀s฀y฀m฀m฀e฀t฀r฀i฀c฀a฀l฀ ฀b฀y฀ ฀c฀o฀n฀n฀e฀c฀t฀i฀n฀g฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀ ฀c฀o฀i฀l฀s฀ ฀o฀f฀ ฀t฀he  s a m e  
฀p฀h฀a฀s฀e฀ ฀i฀n฀ ฀o฀p฀p฀o฀s฀i฀t฀e฀ ฀d฀i฀r฀e฀c฀t฀i฀o฀n฀s฀ ฀[฀2฀1฀]฀,฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀3฀.฀ ฀T฀h฀a฀t  i s  
฀t฀o฀ ฀s฀a฀y฀,฀ ฀t฀h฀e฀ ฀c฀a฀n฀c฀e฀l฀l฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀o฀s฀e฀ ฀e฀v฀e฀n฀-฀o฀r฀d฀e฀r฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀e฀x฀i฀s฀t฀e฀d฀ 
฀i฀n฀ ฀e฀i฀t฀h฀e฀r฀ ฀c฀o฀i฀l฀ ฀A฀1฀ ฀o฀r฀ ฀A฀2฀ ฀o฀c฀c฀u฀r฀s฀ ฀a฀s฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀3฀(฀b฀)฀.฀ 
฀S฀e฀c฀o฀n฀d฀l฀y฀,฀ ฀a฀ ฀C฀P฀-฀F฀R฀M฀ ฀c฀a฀n฀ ฀b฀e฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀ ฀a฀s฀ ฀a฀ ฀f฀l฀u฀x฀-฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ 
฀m฀a฀c฀h฀i฀n฀e฀ ฀w฀o฀r฀k฀i฀n฀g฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀“฀m฀a฀g฀n฀e฀t฀i฀c฀-฀g฀e฀a฀r฀i฀n฀g฀ ฀(฀M฀G฀)฀ ฀e฀f฀f฀e฀c฀t฀”฀ 
฀[฀1฀4฀]฀ ฀[฀2฀6฀]฀-฀[฀2฀9฀]฀.฀ ฀A฀s฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀4฀,฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀c฀a฀n฀ ฀b฀e฀ 
฀d฀i฀v฀i฀d฀e฀d฀ ฀i฀n฀t฀o฀ ฀t฀h฀r฀e฀e฀ ฀l฀a฀y฀e฀r฀s฀,฀ ฀i฀.฀e฀.฀,฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀t฀e฀e฀t฀h฀,฀ ฀t฀h฀e฀ ฀C฀P฀ ฀m฀o d u l฀a t฀i฀o n  
฀p฀o฀l฀e฀s฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀s฀.฀ ฀T฀h฀e฀ ฀s฀t฀a฀t฀i฀o฀n฀a฀r฀y฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀f฀i฀e฀l฀d฀s฀ 
฀p฀r฀o฀d฀u฀c฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀P฀M฀s฀ ฀a฀r฀e฀ ฀m฀o฀d฀u฀l฀a฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀r฀o฀t฀a฀t฀i฀n฀g฀ ฀i฀r฀o฀n฀ ฀p฀o฀l฀e฀s฀,฀ 
฀y฀i฀e฀l฀d฀i฀n฀g฀ ฀a฀b฀u฀n฀d฀a฀n฀t฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ ฀d฀i฀r฀e฀c฀t฀l฀y  
฀e฀n฀g฀a฀g฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀g฀e฀n฀e฀r฀a฀t฀i฀o฀n฀.฀ 
฀ ฀ ฀(฀a฀)฀ ฀(฀b฀)฀ 
฀ ฀ ฀(฀c฀)฀ ฀(฀d฀)฀ 
฀ ฀(฀e฀)฀ 
฀F฀i฀g฀.฀ ฀1฀2฀.฀ ฀O฀p฀e฀r฀a฀t฀i฀n฀g฀ ฀p฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀6฀/฀1฀1฀-฀p฀o฀l฀e฀ ฀C฀P฀-฀F฀R฀M฀.฀ ฀(฀a฀)฀ șH฀=฀0ż .฀ ฀( b฀)฀ șH฀= 9 0ż . ( c฀)  
șH฀=฀1฀8฀0ż .฀ ฀(฀d฀)฀ șH฀=฀2฀7฀0ż .฀ ฀(฀e฀)฀ ฀R฀e฀s฀u฀l฀t฀a฀n฀t฀ ฀c฀o฀i฀l฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀.฀ 
 ฀(฀a฀)฀ 
 ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀3฀.฀ ฀T฀h฀e฀ ฀f฀l฀u฀x฀-฀l฀i฀n฀k฀a฀g฀e฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀6฀/฀1฀1฀-฀p฀o฀l฀e฀ ฀C฀P฀R฀M฀.  ( a )  R e s u l a n t  
฀p฀h฀a฀s฀e฀-฀A฀ ฀f฀l฀u฀x฀ ฀l฀i฀n฀k฀a฀g฀e฀.฀ ฀(฀b฀)฀ ฀H฀a฀r฀m฀o฀n฀i฀c฀ ฀s฀p฀e฀c฀t฀r฀a฀.฀ 
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฀C฀P ฀S฀P฀M
฀ 
฀T฀h฀e฀ ฀i฀d฀e฀a฀l฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀m฀o฀d฀e฀l฀s฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀ 
฀a฀n฀d฀ ฀t฀h฀e฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀C฀P฀-฀F฀R฀M฀ ฀a฀r฀e฀ ฀p฀l฀o฀t฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀5฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ 
฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀ ฀t฀h฀e฀ ฀u฀n฀d฀e฀r฀l฀y฀i฀n฀g฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀i฀m฀p฀r฀o฀v฀e฀me n t  
฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀C฀P฀ ฀d฀e฀s฀i฀g฀n฀.฀ 
฀ ฀F฀i฀g฀.฀ ฀1฀4฀.฀ ฀I฀l฀l฀u฀s฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀o฀d฀e฀l฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀.฀ 
฀ ฀(฀a฀)฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀5฀.฀ ฀I฀l฀l฀u฀s฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀i฀d฀e฀a฀l฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀d฀i฀s฀t฀r฀i b฀u฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀(฀a฀)฀ ฀S฀P฀M - F R฀M -
฀I฀I฀,฀ ฀a฀n฀d฀ ฀(฀b฀)฀ ฀C฀P฀-฀F฀R฀M฀.฀ ฀ 
฀T฀h฀e฀ ฀i฀d฀e฀a฀l฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ %P฀(șV ) i g n o r฀i n g  t h e  
฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀t฀i฀n฀g฀ ฀e฀f฀f฀e฀c฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀ ฀a฀s฀ ฀i฀t฀s฀ ฀F฀o฀u฀r฀i฀e฀r฀ ฀s฀e฀r฀ie฀s฀ 
฀e฀x฀p฀a฀n฀s฀i฀o฀n฀ ฀[฀1฀7฀]฀ ฀[฀2฀9฀]฀ 
฀ ฀( ฀) ฀c฀o฀s฀( ฀)P V L V V
L
% % L1T T ¦  ฀฀฀฀฀฀(฀1฀)฀ 
฀w฀h฀e฀r฀e฀ 1V  i฀s฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀n฀u฀m฀b฀e฀r฀,฀ L  i s  t h e  o฀r d e r฀ ฀o฀f฀ F฀o฀u฀r฀i฀e฀r฀ 
฀s฀e฀r฀i฀e฀s฀,฀ %L฀ ฀i฀s฀ ฀t฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀F฀o฀u฀r฀i฀e฀r฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀,฀ ฀a฀n฀d฀ ฀“șV฀”฀ 
฀d฀e฀n฀o฀t฀e฀s฀ ฀t฀h฀e฀ ฀a฀n฀g฀u฀l฀a฀r฀ ฀d฀e฀g฀r฀e฀e฀ ฀o฀f฀ ฀a฀ ฀p฀a฀r฀t฀i฀c฀u฀l฀a฀r฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀i฀n฀ ฀t฀h฀e฀ ฀s฀t฀a฀t o฀r  
฀w฀i฀t฀h฀ ฀r฀e฀s฀p฀e฀c฀t฀ ฀t฀o฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ ฀A฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀a฀x฀i฀s฀.฀ ฀F฀o฀r฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M-
฀I฀I฀,฀ ฀t฀h฀e฀ ฀m฀a฀g฀n฀i฀t฀u฀d฀e฀ ฀o฀f฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ %P฀1  c a n  b e  r e p r e s e฀n฀t฀e฀d฀ 
฀b฀y฀ ฀[฀1฀9฀]฀ 
฀ ฀1 ฀1
U
P
U
P
%% J
KP
 

฀ ฀(฀2฀)฀ 
฀w฀h฀e฀r฀e฀ J฀ ฀i s  ฀t฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀l฀e฀n฀g฀t฀h฀,฀ %U฀ ฀i฀s฀ ฀t฀h฀e฀ ฀r฀e฀m฀a฀n฀e n฀c฀e฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ 
฀o฀f฀ ฀P฀M฀,฀ KP฀ ฀i s ฀t฀h฀e฀ ฀P฀M฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀,฀ ฀a฀n฀d฀ ȝU฀ ฀i฀s฀ ฀t฀h฀e฀ ฀m฀a฀g n e t  ฀r฀e฀l฀a฀t฀i฀v฀e฀ 
฀p฀e฀r฀m฀e฀a฀b฀i฀l฀i฀t฀y฀.฀ ฀O฀n฀ ฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀h฀a฀n฀d฀,฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀C฀P฀-฀F฀R฀M฀,฀ 
฀t฀h฀e฀ ฀i฀d฀e฀a฀l฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀a฀c฀c฀o฀u฀n฀t฀i฀n฀g฀ ฀f฀o฀r฀ ฀t฀h฀e ฀r฀o฀t฀o฀r฀ 
฀s฀l฀o฀t฀t฀i฀n฀g฀ ฀i฀s฀ ฀d฀e฀f฀i฀n฀e฀d฀ ฀b฀y฀ %P฀2 ,  ฀w h i c h฀ c a n  b e฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀ ฀a฀s฀ 
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฀ ฀฀฀฀฀฀฀(฀3฀)฀ 
฀w฀h฀e฀r฀e฀ %JP  a n฀d฀ %JU฀ ฀a฀r฀e฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀ ฀d฀e฀f฀i฀n฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ 
฀d฀e฀n฀s฀i฀t฀y฀ ฀m฀a฀g฀n฀i฀t฀u฀d฀e฀s฀ ฀o฀f฀ ฀P฀M฀ ฀a฀n฀d฀ ฀i฀r฀o฀n฀ ฀p฀o฀l฀e฀s฀,฀ ฀i฀.฀e฀.฀,฀ 
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฀ ฀(฀5฀)฀ 
฀w฀h฀e฀r฀e฀ ȕV฀ ฀i฀s฀ ฀t฀h฀e฀ ฀p฀o฀l฀e฀-฀a฀r฀c฀ ฀r฀a฀t฀i฀o฀,฀ ฀d฀e฀n฀o฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀r฀a฀t฀i฀o฀ ฀o฀f฀ ฀t฀h฀e฀ ฀P฀M฀ ฀a฀r฀c฀ 
฀a฀n฀g฀l฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀a฀r฀c฀ ฀a฀n฀g฀l฀e฀ ฀p฀e฀r฀ ฀p฀o฀l฀e฀.฀ ฀F฀i฀g฀.฀ ฀1฀6฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ 
฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀l฀y฀ ฀a฀n฀d฀ ฀F฀E฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ 
฀a฀n฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀ ฀s฀p฀e฀c฀t฀r฀a฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀i฀n฀g฀ ฀s฀l฀o฀t฀t฀i฀n฀g฀ ฀e฀f฀f฀e฀c฀t฀.฀ ฀I฀t฀ 
฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀l฀y฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀p฀e฀a฀k฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀i฀e฀s฀ ฀b฀a฀s฀e฀d฀ 
฀o฀n฀ ฀(฀2฀)฀~฀(฀5฀)฀ ฀a฀g฀r฀e฀e฀ ฀w฀e฀l฀l฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀F฀E฀ ฀r฀e฀s฀u฀l฀t฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀o฀n฀f฀i฀r฀m฀s฀ ฀t฀h฀e฀ 
฀c฀o฀r฀r฀e฀c฀t฀n฀e฀s฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀b฀o฀v฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀o฀d฀e฀l฀.฀ ฀B฀e฀s฀i฀d฀e฀s฀,฀ ฀t฀h฀e฀ ฀a i r -฀g a p  
฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀ ฀a฀p฀p฀e฀a฀r฀ t o  b e  
฀a฀s฀y฀m฀m฀e฀t฀r฀i฀c฀.฀ ฀I฀t฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀c฀a฀n฀ ฀p฀r฀o฀d฀u฀c฀e฀ ฀a฀ s e฀r i e s฀ 
฀o฀f฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀w฀i฀t฀h฀ ฀e฀v฀e฀n฀-฀o฀r฀d฀e฀r฀ ฀m฀u฀l฀t฀i฀p฀l฀e฀s฀ ฀o฀f฀ ฀P฀M฀ ฀p฀o฀l฀e฀ 
฀p฀a฀i฀r฀s฀,฀ ฀i฀.฀e฀.฀,฀ N1V฀,฀ N = 2 ,  4 ,  ฀6฀…฀,฀ ฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ ฀a฀b฀s฀e฀n฀t฀ ฀i฀n฀ ฀t฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ 
฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀S฀P฀M฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀ ฀w฀i฀t฀h฀ ฀u฀n฀i฀f฀o฀r฀m ฀N -
฀S฀ ฀m฀a฀g฀n฀e฀t฀ ฀p฀o฀l฀e฀s฀.฀ ฀T฀h฀a฀t฀ ฀i฀s฀ ฀t฀o฀ ฀s฀a฀y฀,฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀i฀s฀ ฀c฀a฀p฀a฀b฀l฀e฀ ฀o฀f฀ 
฀i฀n฀v฀o฀l฀v฀i฀n฀g฀ ฀m฀o฀r฀e฀ ฀w฀o฀r฀k฀i฀n฀g฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀i฀n฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀,฀ ฀a฀s฀ ฀w฀i฀l฀l 
฀b฀e฀ ฀d฀e฀t฀a฀i฀l฀e฀d฀ ฀l฀a฀t฀e฀r฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀6฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀o฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀yw a฀v฀e฀f o r m฀s฀ ฀w฀i฀t฀h o u t  
a c c฀o u n t฀i฀n฀g฀ ฀f฀o฀r฀ s฀l฀o t t฀i฀n฀g  ฀e฀f฀f e฀c฀t฀.  ฀(฀a฀)  W a v฀e฀f฀o฀r฀m฀s฀.฀ ฀(฀b฀)฀ ฀H฀a฀r฀m฀o฀ni c  ฀s฀p e c t r฀a .  
฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀ ȁU (șV ,  șU )  c o฀n฀s฀i฀d฀e฀r฀i n g฀ t฀h e฀ 
฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀t฀i฀n฀g฀ ฀c฀a฀n฀ ฀b฀e฀ ฀g฀i฀v฀e฀n฀ ฀a฀s฀ 
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฀w฀h฀e฀r฀e฀ șU฀ ฀i฀s฀ ฀t฀h฀e฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀o฀f฀ ฀r฀o฀t฀o฀r฀ ฀a฀x฀i฀s฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀ ฀t฀o฀ ฀t฀he฀ 
฀p฀h฀a฀s฀e  ฀A  w฀i n d฀i฀n฀g฀ ฀a฀x฀i฀s฀.฀ 1U฀ ฀i฀s฀ t h e  r o t o r  ฀p฀o l e  ฀n฀u฀m฀b฀e฀r฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ 
฀e฀q u i v a l e n฀t  a i r฀- g a p  l e฀n฀g฀t฀h฀ į (șV ,  șU )  c a n  b e฀ ฀r e p r e s฀e฀n฀t฀e฀d฀ ฀b฀y฀ 
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฀ ฀(฀7฀)฀ ฀ 
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(฀1฀0฀)฀ 
฀w฀h฀e฀r฀e฀ ȕU฀ ฀d฀e฀n฀o฀t฀e฀s฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀ ฀o฀p฀e฀n฀i฀n฀g฀ ฀r฀a฀t฀i฀o฀,฀ 5UR  i s  t h e  r o t o r  
฀o฀u฀t฀e฀r฀ ฀r฀a฀d฀i฀u฀s฀.฀ ฀ 
฀S฀i฀m฀i฀l฀a฀r฀l฀y฀,฀ ฀t฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ 
฀s฀l฀o฀t฀t฀i฀n฀g฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀o฀r฀m฀a฀t฀t฀e฀d฀ ฀a฀s฀ ฀[฀3฀0฀]฀ 
฀   ฀0฀( ฀)V V VJ
PT G T/   ฀ ฀(฀1฀1฀)฀ 
฀F฀i฀n฀a฀l฀l฀y฀,฀ ฀t฀h฀e฀ ฀r฀e฀s฀u฀l฀t฀a฀n฀t฀ ฀a฀i฀r฀g฀a฀p฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h e฀ 
฀s฀t฀a฀t฀o฀r฀ ฀a฀n฀d฀ ฀r฀o฀t฀o฀r฀ ฀s฀l฀o฀t฀t฀i฀n฀g฀ ฀c฀a฀n฀ ฀b฀e฀ ฀w฀r฀i฀t฀t฀e฀n฀ ฀a฀s฀ 
฀      
฀0
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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฀T฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ %J฀2฀(șV฀,฀ șU฀)฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P - F฀R฀M฀ ฀c฀a฀n฀ ฀b฀e฀ 
฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀b฀y฀ ฀i฀n฀t฀r฀o฀d฀u฀c฀i฀n฀g฀ ฀a฀ ฀s฀l฀o฀t฀t฀e฀d฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e,฀ 
฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ ฀b฀e฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀ ฀b฀y฀ ฀m฀u฀l฀t฀i฀p฀l฀y฀i฀n฀g฀ %P฀2  i n  ( 3 )  a฀n d  ฀t฀h฀e฀ 
฀r฀e฀l฀a฀t฀i฀v฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀ ȁUHO (șV ,  șU )  ฀[฀3฀0฀]฀ ฀[฀3฀1฀]฀ 
฀    ฀2 ฀2฀,฀ ฀= ฀,J V U P UHO V U% %T T T T/ ฀ ฀(฀1฀3฀)฀ 
฀w฀i฀t฀h฀ 
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฀ ฀(฀1฀4฀)฀ 
฀B฀y฀ ฀s฀u฀b฀s฀t฀i฀t฀u฀t฀i฀n฀g฀ ฀(฀3฀)฀~฀(฀1฀2฀)฀ ฀i฀n฀t฀o฀ ฀(฀1฀3฀)฀ ฀a฀n฀d฀ ฀(฀1฀4฀)฀,฀ ฀i฀t฀ ฀y฀i฀e฀l฀d฀s฀ 
฀   > @> @฀2 ฀1 ฀1
฀c฀o฀s ฀( ฀)฀,฀ ฀= ฀c฀o฀s ฀( ฀)
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f f
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฀w฀h฀e฀r฀e฀ %LM฀ ฀c฀a฀n฀ ฀b฀e฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀a฀s฀ ฀ 
฀ ฀2฀1฀2LM P UHOM% % / ฀ ฀(฀1฀6฀)฀ 
฀T฀h฀e฀ ฀p฀h฀a฀s฀e฀-฀E฀M฀F฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀b฀y฀ ฀u฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀ 
฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀[฀1฀3฀]฀ 
฀      ฀2 ฀/ ฀2
฀0
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V1
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G( 5 / % 1 GGW
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฀w฀h฀e฀r฀e฀ 5J฀ ฀a฀n฀d฀ /D฀ ฀a฀r฀e฀ ฀t฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀r฀a฀d฀i฀u฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀s฀t฀a฀c฀k฀ 
฀l฀e฀n฀g฀t฀h฀,฀ ฀a฀n฀d฀ 1฀(șV฀)฀ ฀i฀s฀ ฀t h฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ ฀b฀e฀ ฀g฀i฀v฀e฀n฀ 
฀b฀y฀ 
฀    
฀1฀,฀3฀,฀5฀,฀.฀.฀.
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 ¦ ฀ ฀(฀1฀8฀)฀ 
฀w฀h฀e฀r฀e฀ 1D  i฀s฀ ฀t฀h฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀t฀u฀r฀n฀s฀ ฀p฀e฀r฀ ฀p฀h฀a฀s฀e฀,฀ 3D฀ ฀i s h e  p o฀l  p a i r  
฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀r฀m฀a฀t฀u฀r฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀,฀ ฀a฀n฀d฀ NZQ฀ ฀i฀s฀ t h e  w฀i฀n d฀i n g฀ f a c฀t o r
฀o฀f฀ Q฀t฀h฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀.฀ ฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀a฀l฀l฀ ฀s฀t฀a฀t฀i฀o฀n฀a฀r฀y฀ ฀P฀M฀ ฀M฀M฀F฀ 
฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀a฀n฀d฀ ฀o฀n฀l฀y฀ ฀r฀o฀t฀a฀t฀i฀n฀g฀ ฀f฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀,฀ ฀i฀.฀e฀.฀,฀ M = 1 ,  
฀c฀a฀n฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀ ฀a฀n฀d฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀ ฀[฀1฀3฀]฀ ฀[฀1฀4฀]฀,฀ 
฀w฀h฀e฀r฀e฀a฀s฀,฀ ฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀s฀ ฀w฀i฀l฀l฀ ฀i฀n฀d฀u฀c฀e฀ ฀t฀h฀e฀ ฀p฀u฀l฀s฀a฀t฀i฀n฀g฀ ฀t฀o฀r฀q฀u฀e฀.฀ 
฀F฀u฀r฀t฀h฀e฀r฀m฀o฀r฀e฀,฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀,฀ ฀a฀n฀d฀ 
฀g฀e฀n฀e฀r฀a฀t฀e฀ ฀s฀t฀e฀a฀d฀y฀ ฀e฀l฀e฀c฀t฀r฀o฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀t฀o฀r฀q฀u฀e฀,฀ ฀t฀h฀e฀ ฀p฀o฀l฀e฀ ฀p฀a฀i฀r฀ ฀n฀u฀m฀b฀e฀r฀ ฀o฀f  
฀t฀h฀e฀ ฀a฀r฀m฀a฀t฀u฀r฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀ 3D  s h o u฀l d  s a t฀i฀s฀f฀y฀ ฀[฀1฀7฀]฀ ฀[฀2฀9฀]฀ 
฀ ฀= ฀, ฀1฀,฀2฀,฀3฀,฀.฀.฀.D V U3 L1 1 Lr  ฀ ( 1฀9฀)฀ 
฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀s฀i฀n฀c฀e฀ ฀o฀n฀l฀y฀ ฀t฀h฀o฀s฀e฀ ฀P฀M฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ 
w฀i฀t฀h฀ ฀o฀d฀d฀ ฀o฀r฀d฀e฀r฀s฀ ฀(L฀=฀1฀,  3฀,  5 , . .฀)฀ ฀e฀x฀i฀s฀t฀ ฀i฀n฀ ฀i฀n฀ ฀t฀h฀e฀ ฀S฀P฀M฀ ฀c฀a฀s฀e฀,฀ ฀l฀e฀s฀s฀ 
฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀a฀r฀m฀a฀t฀u฀r฀e฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀a฀r฀e฀ ฀r฀e฀s฀p฀o฀n฀s฀i฀b฀l฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ 
฀t฀o฀r฀q฀u฀e฀ ฀g฀e฀n฀e฀r฀a฀t฀i฀o฀n฀.฀ ฀ 
฀A฀s฀ ฀t฀h฀e฀ ฀s฀a฀l฀i฀e฀n฀c฀y฀ ฀r฀a฀t฀i฀o฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀e฀x฀c฀i฀t฀e฀d฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀t฀o฀rq u e  i s  
฀u฀n฀i฀t฀y฀,฀ ฀t฀h฀e฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀e฀l฀e฀c฀t฀r฀o฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀t฀o฀r฀q฀u฀e฀ 7H฀ c a n฀ b฀e฀ o฀b฀t฀a i n e฀d  ฀a s  
฀    
฀, ฀,
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 ¦ ฀ ฀(฀2฀0฀)฀ 
w h e r e  ,L฀(ș฀)  i s  t h e฀ ฀t฀h฀r฀e฀e฀-฀p฀h฀a฀s฀e฀ ฀a฀r฀m฀a฀t฀u฀r฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀.฀ ฀A฀s฀ ฀a฀ ฀r฀e฀s฀u฀l฀t฀,฀ ฀b฀y฀ 
฀s฀u฀b฀s฀t฀i฀t฀u฀t฀i฀n฀g฀ ฀(฀1฀3฀)฀~฀(฀1฀9฀)฀ ฀i฀n฀t฀o฀ ฀(฀2฀0฀)฀,฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀e฀x฀p฀r฀e฀s฀s฀i฀o฀n฀ ฀c฀a฀n฀ ฀b฀e฀ 
฀r฀e฀w฀r฀i฀t฀t฀e฀n฀ ฀a฀s฀ 
฀2 ฀1
฀1
฀0
฀3
฀2
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¦  ฀(฀2฀1฀)฀ 
฀w฀i฀t฀h฀ 
฀ ฀= V UD L1 1 ฀ ฀(฀2฀2฀)฀ 
฀ ฀=V UE L1 1 ฀ ฀(฀2฀3฀)฀ 
฀w฀h฀e฀r฀e฀ %P 2L฀ ฀i s฀ ฀t฀h฀e฀ ฀F฀o฀u฀r฀i฀e฀r฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀i฀d฀e฀a฀l฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀l฀u฀x฀ 
฀d฀e฀n฀s฀i฀t฀y฀ %P฀2฀,฀ ,V ฀i฀s฀ ฀t฀h฀e฀ ฀R฀M฀S฀ ฀v฀a฀l฀u฀e฀ ฀o฀f฀ ฀p฀h฀a฀s฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀.฀ ฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀f฀o฀r฀ 
฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀,฀ ฀t฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀h฀a฀v฀i฀n฀g฀ ฀t฀h฀o฀s฀e฀ ฀o฀r฀d฀e฀r฀s฀ 
฀o฀f฀ ฀“L1Vf 1U฀,฀ L =฀1฀,฀ ฀2฀,฀ ฀3฀…฀”฀ ฀e฀n฀g฀a฀g฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀t฀o฀r฀q฀u฀e฀ 
฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀.฀ ฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀i฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀g฀e฀n฀e฀r฀a฀l฀i฀z฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ 
฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀i฀s฀ ฀p฀r฀e฀d฀o฀m฀i฀n฀a฀n฀t฀l฀y฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ 
n u m฀b฀e฀r฀,฀ ฀t฀h฀e฀ ฀P฀M฀ ฀M฀M฀F฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀ ฀o฀r฀d฀e฀r฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ 
฀w฀i฀n฀d฀i฀n฀g฀ ฀f฀a฀c฀t฀o฀r฀,฀ ฀a฀s฀ ฀l฀o฀n฀g฀ ฀a฀s฀ ฀t฀h฀e฀ ฀b฀a฀s฀i฀c฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀a฀r฀e฀ ฀p฀r e -
฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀.฀ ฀ 
฀T฀h e  a n a฀l฀y฀t i c a l  a n d  F฀E฀ ฀p r e d i c t e d฀ ฀o฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀r฀a฀d฀i฀a฀l฀ ฀a฀i฀r- g a p฀ 
฀f฀l฀u฀x฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀ 
s p e฀c฀t฀r฀a฀ ฀a฀r฀e฀ ฀p฀l฀o฀t฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀7฀.฀ ฀B฀a฀s฀i฀c฀a฀l฀l฀y฀,฀ ฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀r฀e฀s฀u฀l฀t฀s฀ 
฀a฀g฀r฀e฀e฀ ฀s฀a฀t฀i฀s฀f฀a฀c฀t฀o฀r฀i฀l฀y฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀F฀E฀ ฀p฀r฀e฀d฀i฀c฀t฀i฀o฀n฀s฀,฀ ฀d฀e฀s฀p฀i฀t฀e฀ ฀t฀h฀e฀ s l i g h  
฀d฀i฀s฀c฀r฀e฀p฀a฀n฀c฀y฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀f฀a฀c฀t฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀l฀o฀c฀a฀l฀i฀z฀e฀d฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ 
฀s฀a฀t฀u฀r฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀f฀l฀u฀x฀ ฀l฀e฀a฀k฀a฀g฀e฀ ฀a฀r฀e฀ ฀n฀e฀g฀l฀e฀c฀t฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀al฀ 
m e฀t฀h฀o฀d฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀C฀P฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀e฀x฀h฀i฀b฀i฀t฀s฀ ฀h฀i฀g฀h฀e฀r฀ 
฀l฀o฀w฀-฀o฀r฀d฀e฀r฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀,฀ ฀e฀.฀g฀.฀ ฀1฀s฀t฀,฀ 5฀t฀h฀ ฀a฀n฀d฀ 1 7฀t฀h,  a฀s  ฀w e l l  a s c฀o฀m฀p฀a฀r฀a฀b฀l฀e฀ 
฀7฀t฀h฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀ ฀t฀h฀a฀n฀ ฀i฀t฀s฀ ฀S฀P฀M฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ ฀t฀h฀e฀ ฀m฀a฀i฀n฀ 
฀c฀o฀n฀t฀r฀i฀b฀u฀t฀o฀r฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀,฀ ฀a฀s฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀d฀ ฀i฀n฀ 
฀(฀1฀9฀)฀.฀ ฀O฀v฀e฀r฀a฀l฀l฀,฀ ฀m฀o฀r฀e฀ ฀a฀b฀u฀n฀d฀a฀n฀t฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀,฀ ฀s฀u฀c฀h฀ ฀a฀s฀ ฀1฀s฀t฀ a n฀d฀ ฀2฀3฀r฀d f o r  
฀“L฀=฀2฀”฀ ฀i฀n฀ ฀(฀2฀2฀)฀ ฀a฀n฀d฀ ฀(฀2฀3฀)฀,฀ ฀c฀a฀n฀ ฀b฀e฀ ฀p฀r฀o฀d฀u฀c฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀r฀a฀t฀h฀e฀r฀ 
฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀S฀P฀M฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀r฀e฀s฀p฀o฀n฀s฀i฀b฀l฀e฀ ฀f฀o฀r฀ ฀i฀t฀s฀ ฀t฀o฀r฀q฀u฀e฀ 
฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀.฀ ฀T฀h฀i฀s฀ ฀s฀o฀-฀c฀a฀l฀l฀e฀d฀ ฀b฀i฀a฀s฀e฀d฀ ฀f฀l฀u฀x฀ ฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ 
฀p฀h฀e฀n฀o฀m฀e฀n฀o฀n฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀a฀t฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀a฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀P฀M฀ ฀f฀l฀u฀x฀ 
฀d฀e฀n฀s฀i฀t฀y฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀,฀ ฀a฀s฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀8฀.฀ 
7RUTXH3URGXFWLRQ0HFKDQLVP
฀T฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀d฀u฀e฀ ฀t฀o฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀ ฀c฀a฀n฀ ฀b฀e฀ 
฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀l฀y฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀(฀2฀1฀)฀~฀(฀2฀3฀)฀.฀ ฀F฀o฀r฀ ฀i฀n฀s฀t฀a฀n฀c฀e฀,  i n t h e  
฀c฀a฀s฀e฀ ฀o฀f฀ ฀“L฀=฀1฀”฀,฀ ฀i฀t฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀m฀o฀d฀u฀l฀a฀t฀e฀d฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀s฀ 
฀d฀e฀r฀i฀v฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀f฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀P฀M฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀ ฀a฀r฀e฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀,฀ a n d  
฀t฀h฀e฀ ฀p฀o฀l฀e฀ ฀p฀a฀i฀r฀ ฀n฀u฀m฀b฀e฀r฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀e฀s฀u฀l฀t฀a฀n฀t฀ ฀r฀o฀t฀a฀t฀i฀n฀g฀ ฀a฀i฀r฀-฀g฀a฀p฀ 
฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀(฀2฀2฀)฀ ฀a฀n฀d฀ ฀(฀2฀3฀)฀,฀ ฀i฀.฀e฀.฀,฀ ฀5฀ ฀a฀n฀d฀ 
฀1฀7฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀S฀u฀b฀s฀e฀q฀u฀e฀n฀t฀l฀y฀,฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀d฀u฀e฀ ฀t฀o฀ 
฀5฀t฀h฀ ฀a฀n฀d฀ ฀1฀7฀t฀h a i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀c฀o฀m฀p฀u฀t฀e฀d฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ 
฀(฀2฀1฀)฀.฀ ฀T฀h฀e฀ ฀k฀e฀y฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀o฀m฀p฀o฀n฀e฀n฀t฀s฀ ฀d฀u฀e฀ ฀t฀o฀ 
e a c฀h฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀ ฀a฀r฀e฀ ฀c฀o฀m฀p฀u฀t฀e฀d฀ ฀a฀n฀d฀ ฀l฀i฀s฀t฀e฀d฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀I฀I฀ 
฀ 
฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀q฀u฀a฀n฀t฀i฀f฀y฀ ฀a฀n฀d฀ ฀p฀r฀o฀v฀i฀d฀e฀ ฀a฀ ฀p฀o฀w฀e฀r฀f฀u฀l฀ ฀i฀n฀s฀i฀g฀h฀t฀ ฀f฀o฀r฀ ฀t฀h฀e฀ 
฀t฀o฀r฀q฀u฀e฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀.฀ ฀O฀v฀e฀r฀a฀l฀l฀,฀ ฀i฀t฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀d฀o฀m฀i฀n฀a฀n฀t฀ 
฀t฀o฀r฀q฀u฀e฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀o฀r฀s฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀e฀ ฀o฀n฀ ฀t฀h฀e฀ ฀5฀t฀h h a m฀o฀n฀i฀c฀ f o r  t h  t w o฀ 
฀S฀P฀M฀-฀F฀R฀M฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀p฀r฀o฀d฀u฀c฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ 
฀f฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀m฀a฀g฀n฀e฀t฀ ฀M฀M฀F฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀f฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀.฀ ฀I฀n฀ 
฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀i฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀a฀l฀t฀h฀o฀u฀g฀h฀ ฀t฀h฀e฀ ฀S฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ 
฀s฀h฀o฀w฀ ฀h฀i฀g฀h฀e฀r฀ ฀6฀t฀h a฀n d  ฀1฀8฀t฀h฀ ฀f i e l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀d฀e฀r฀i฀v฀i฀n฀g฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ 
฀f฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀a฀n฀d฀ ฀t฀h฀i฀r฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀o฀f฀ ฀m฀a฀g฀n฀e฀t฀ ฀M฀M฀F฀,฀ ฀t฀h฀e฀s฀e฀ ฀f฀l฀u฀x฀ 
฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀a฀r฀e฀ ฀s฀t฀a฀t฀i฀o฀n฀a฀r฀y฀,฀ ฀a฀n฀d฀ ฀h฀e฀n฀c฀e฀ ฀n฀o฀t฀ ฀p฀r฀o฀d฀u฀c฀e฀ ฀b฀a฀c฀k฀ ฀E฀M฀F฀ ฀a฀n฀d฀ 
฀t฀o฀r฀q฀u฀e฀.฀ ฀T฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀d฀u฀e฀ 
฀t฀o฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀p฀i฀c฀u฀o฀u฀s฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀1฀s฀t h a r m฀o฀n฀i c฀.฀ ฀B฀a฀s฀e฀d฀ ฀o฀n฀ 
฀t฀h฀e฀ ฀a฀b฀o฀v฀e฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀,฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ 
฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀C฀P฀-฀F฀R฀M฀ ฀o฀v฀e฀r฀ ฀t฀h฀e฀ ฀S฀P฀M฀ 
฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀s฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀s฀u฀c฀c฀e฀s฀s฀f฀u฀l฀l฀y฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀l฀y฀ ฀u฀n฀v฀e฀i฀l฀e฀d฀,฀ ฀a฀n฀d฀ 
฀c฀o฀n฀f฀i฀r฀m฀e฀d฀ ฀b฀y฀ ฀F฀E฀ ฀r฀e฀s฀u฀l฀t฀s฀.฀ 
฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀o฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ 
฀a฀r฀e฀ ฀p฀l฀o฀t฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀8฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀ ฀O฀b฀v฀i฀o฀u฀s฀l฀y฀,฀ ฀t฀h฀e฀ ฀C฀P฀ ฀m฀a฀c฀h฀i฀n฀e฀ 
฀e฀x฀h฀i฀b฀i฀t฀s฀ ฀t฀h฀e฀ ฀h฀i฀g฀h฀e฀r฀ ฀E฀M฀F฀ ฀m฀a฀g฀n฀i฀t฀u฀d฀e฀.฀ ฀B฀e฀s฀i฀d฀e฀s฀,฀ ฀t฀h฀e฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ 
฀r฀e฀s฀u฀l฀t฀s฀ ฀a฀g฀r฀e฀e฀ ฀w฀e฀l฀l฀ ฀w฀i฀t฀h฀ ฀t฀h฀o฀s฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀o฀n฀e฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀o฀n฀f฀ir m฀s฀ 
฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀n฀e฀s฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀o฀d฀e฀l฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀ ฀(฀c฀)฀ 
฀F฀i฀g฀.฀ ฀1฀7฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀a฀n฀d฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀o฀p฀e฀n฀-฀c฀ir c u฀i t  ฀a i฀r - g p f l฀u฀x  
฀d฀e฀n฀s฀i฀t฀y฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀.฀ ฀(฀a฀)฀ ฀W฀a฀v฀e฀f฀o฀r฀m฀s฀,฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀.฀ ฀(฀b฀)฀.฀ ฀W฀a฀v฀e฀f฀o฀r฀m฀s฀,฀ C฀P฀-฀F฀R฀M  
฀(฀c฀)฀ ฀H฀a฀r฀m฀o฀n฀i฀c฀ ฀s฀p฀e฀c฀t฀r฀a฀.฀ 
฀ 
฀ 
฀T฀A฀B฀L E฀ I I  
฀C฀O฀M฀P฀A฀R I฀S฀O฀N  ฀O฀F  AI R- GA฀P  F฀I฀E L฀D  HA R฀M฀O฀N฀I C฀ C฀O N T R฀I฀B฀U฀T฀I฀O฀N฀S฀ ฀T฀O฀ 
฀E฀L฀E฀C฀T฀R฀O฀M฀A฀G฀N฀E฀T฀I฀C฀ ฀TO R Q U E  O F฀ ฀6฀/ 1 1 -฀PL E  ฀F R฀M฀S฀ ฀W฀I฀T฀H฀ ฀S P฀M฀ A฀N฀D฀ C฀P 
฀A฀R฀R฀A฀N฀G฀E฀M฀E฀N฀T฀S 
฀M฀a฀c฀h฀i฀n฀e฀ ฀t฀y฀p฀e฀s฀ ฀S฀P฀M฀-฀I฀ ฀S฀P฀M฀-฀I฀I฀ ฀C฀P฀ 
฀S฀o฀u฀r c฀e฀ ฀P฀o฀l e  ฀p฀a฀i฀r  ฀M฀a g n i฀t฀u d e฀ ฀a n฀d฀ ฀t฀o฀r฀q u e฀ ฀c฀o n t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀(฀T฀/฀%฀)฀ 
L฀=฀1฀ 
฀a฀=฀5฀ 7
7

7

฀b฀=฀1฀7฀ 7
7

7

L = 2฀ 
฀a฀=฀1฀ 0 .฀0฀0฀2฀T฀2฀ ฀(฀1฀.฀8฀1฀% )฀ 
฀0฀. 0฀0 2฀T฀ 
฀(฀1฀.฀7฀5฀%฀)฀ 
7

฀b฀=฀2฀3  ฀0฀.฀0฀0฀7฀T฀ ฀(฀0฀.฀0฀2฀%฀)฀ 
0 .฀0฀0฀8฀T฀ 
฀(฀0฀.฀0฀2฀%฀) 
฀0 .฀1฀6฀T฀ 
(฀3 .฀1฀2฀%฀)฀ 
L฀=฀3
฀a฀=฀7฀ 0 .฀0฀4 T฀ ฀(฀0฀.฀0฀0฀3฀%฀)฀ 
0฀. 0฀4฀T฀ 
฀( 0 .฀0฀0฀3฀%฀)฀ 
0฀. 0฀5฀T฀ 
฀(฀3฀.฀2 0฀%฀)฀ 
฀b฀=฀2฀9฀ ฀0฀.฀0฀5฀T฀ ฀(฀0฀.฀0฀0฀2฀‰฀) 
0฀.฀0฀6฀T฀ 
(0฀.฀0฀0฀2฀‰฀) 
0฀.฀0฀4฀T฀ 
(฀0฀.฀6฀2฀%฀) 
L฀=฀4
฀a฀=฀1฀3฀ ฀0฀.฀0 0 3฀T฀ ฀(฀1฀.฀1฀E฀-฀0฀9฀%฀)฀ 
0 . 0฀0฀3฀T฀ 
(฀1฀. 6฀E -฀0฀9฀%฀)฀ 
0 . 0 1 7 T  
฀(฀0฀.฀6 2฀%฀)฀ 
b฀=฀3฀5฀ ฀0฀.฀0฀0฀1฀T฀ ฀(฀1฀.฀1฀E฀-฀0฀9฀%฀)฀ 
0 .฀0฀0฀2฀T฀ 
(฀2฀. 8฀E -฀0฀9฀%฀)฀ 
0 .฀0฀0฀2฀T฀ 
฀(฀0฀.฀0 3฀%฀)฀ 
฀T฀o฀t฀a฀l฀ ฀t฀o฀r฀q฀u฀e฀ ฀(฀N฀m฀)฀ F E / A n฀a฀l฀y฀t i฀c฀a l  ฀r฀e฀s u฀l฀t฀s  ฀1 .฀2฀5฀/฀1 .฀2฀1฀ ฀1฀.฀3฀1฀/฀1฀.฀2฀8฀ ฀4฀.฀9฀2฀/฀4฀.฀7฀6฀ 
฀ 
฀ ฀F฀i฀g฀.฀ ฀1฀8฀.฀ ฀O฀p฀e฀n฀-฀c฀i฀r฀c฀u฀i฀t฀ ฀p฀h฀a฀s฀e฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀ ฀a฀n฀d฀ ฀C฀P- F฀R฀M  ฀( 4 0 0 r /฀m i฀n฀)฀.  
,9 '(6,*135,1&,3/(
$ :LQGLQJ&RQILJXUDWLRQ
฀T฀h฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀l฀a฀y฀o฀u฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀c฀a฀n฀ ฀b฀e฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀b฀y฀ ฀t฀he  
฀p฀o฀l฀e฀ ฀p฀a฀i฀r฀ ฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀r฀m฀a฀t฀u฀r฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀,฀ ฀a฀s฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀ ฀i฀n฀ ฀( 1 5 ) .฀ 
฀I฀t฀ ฀i฀s฀ ฀w฀o฀r฀t฀h฀ ฀m฀e฀n฀t฀i฀o฀n฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀a฀l฀l฀ ฀t฀h฀e฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀o฀f฀ ฀t฀he฀ C฀P฀-
฀F฀R฀M฀ ฀s฀h฀a฀r฀e฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀s฀t฀a฀r฀ ฀o฀f฀ ฀s฀l฀o฀t฀s฀,฀ ฀a฀n฀d฀ ฀h฀e฀n฀c฀e฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀ ฀w฀i฀n฀d฀i฀ng฀ 
฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀ ฀[฀1฀4฀]฀.฀ ฀I฀n฀ ฀p฀a฀r฀t฀i฀c฀u฀l฀a฀r฀,฀ ฀b฀y฀ ฀s฀p฀e฀c฀i฀f฀y฀i฀n฀g฀ L฀=฀1฀ ฀i฀n฀ ฀(฀2฀2฀)฀ a n d  
฀(฀2฀3฀)฀,฀ ฀i฀t฀ ฀y฀i฀e฀l฀d฀s฀ 
฀ ฀= ฀, ฀1฀, ฀2฀,฀3฀,฀.฀.฀.D V U3 1 1 Lr  ฀ ฀(฀2฀4฀)฀ 
฀I฀t฀ ฀s฀u฀g฀g฀e฀s฀t฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀p฀o฀l฀e฀ ฀p฀a฀i฀r฀ ฀n฀u฀m฀b฀e฀r฀ 3D  o f  ฀t฀h฀e฀ 
฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀C฀P฀-฀F฀R฀M฀ ฀i฀s฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀a฀s฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀v฀e฀r฀n฀i฀e฀r฀ ฀m฀a฀c฀h i n
฀w฀i฀t฀h฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀p฀a฀i฀r฀ ฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ ฀“1U ”  [ 2 1 ] .  I  o฀t฀h฀e฀r฀ ฀w o r฀d฀s฀,฀ ฀t฀h฀e฀ 
฀C฀P฀-฀F฀R฀M฀ ฀s฀h฀a฀r฀e฀s฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ 
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀r฀o฀t฀o฀r฀ ฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀q฀u฀i฀t฀e฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀f฀r฀o฀m฀ 
฀s฀w฀i฀t฀c฀h฀e฀d฀ ฀f฀l฀u฀x฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀n฀d฀ ฀d฀o฀u฀b฀l฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀.฀ ฀B฀y฀ ฀w฀a฀y฀ 
฀o฀f฀ ฀e฀x฀a฀m฀p฀l฀e฀,฀ ฀t฀h฀e฀ ฀g฀e฀n฀e฀r฀a฀l฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀l฀a฀y฀o฀u฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀6฀-฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀ ฀C฀P฀-
฀F฀R฀M฀ ฀w฀i฀t฀h฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀s฀ ฀a฀r฀e฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀9฀.฀ 
฀T฀h฀i฀s฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀ ฀l฀a฀w฀ ฀c฀a฀n฀ ฀b฀e฀ ฀a฀n฀a฀l฀o฀g฀o฀u฀s฀l฀y฀ ฀e฀x฀t฀e฀n฀d฀e฀d t o  
฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀/฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀c฀o฀m฀b฀i฀n฀a฀t฀i฀o฀n฀s฀.฀ 
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5RWRUSRVLWLRQ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$QDO\WLFDO&3
)(630
$QDO\WLFDO630
฀ 
฀ ฀(฀a฀)฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀1฀9฀.฀ ฀I฀l฀l฀u฀s฀t฀r฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀g฀e฀n฀e฀r฀a฀l฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀s฀ ฀a฀n฀d฀ ฀E฀M฀F฀ c o i l  v e c t o r s  ฀o f฀ 
฀6฀-฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀ ฀C฀P฀-฀F฀R฀M฀.฀ ฀(฀a฀)฀ 1U =N1V฀± 2  ฀o฀r฀ ฀4฀.  ฀(฀b )  1U฀=N1V ±฀1  ฀o฀r฀ ฀5฀,฀ N = 0 ,  1฀,฀ ฀2฀…฀ 
฀S฀i฀m฀i฀l฀a฀r฀ ฀t฀o฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀[฀2฀9฀]฀,฀ ฀t฀h฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ 
฀f฀a฀c฀t฀o฀r฀ NG  o f  ฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀ ฀w฀i฀n฀d฀i฀n฀g฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀g฀i฀v฀e฀n฀ ฀b฀y฀ 
฀   
฀s฀i฀n ฀/ ฀2
฀s฀i฀n ฀/ ฀2G
4NN 4 N
D
D ฀ ฀(฀2฀5฀)฀ 
฀w฀h฀e฀r฀e฀ 4฀ ฀i฀s฀ ฀t฀h฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ ฀t฀h฀e฀ ฀l฀e฀a฀s฀t฀ ฀E฀M฀F฀ ฀v฀e฀c฀t฀o฀r฀s฀ ฀p฀e฀r฀ ฀p฀h฀a฀s฀e฀,฀ Į  i฀s฀ 
฀t฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀w฀o฀ ฀a฀d฀j฀a฀c฀e฀n฀t฀ ฀v฀e฀c฀t฀o฀r฀s฀,฀ ฀a฀n฀d฀ N฀ ฀i฀s฀ ฀t฀h e฀ o฀r฀d฀e฀r  o฀f฀ 
฀E฀M฀F฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀c฀o฀i฀l฀ ฀p฀i฀t฀c฀h฀ ฀f฀a฀c฀t฀o฀r฀ ฀a฀s฀ ฀a฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ 
฀o฀f฀ ฀s฀t฀a฀t฀o฀r฀/฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀s฀ ฀(1V /1U )  c a฀n฀ b฀e  ฀e x p r e s s e d฀ ฀a฀s฀ 
฀ ฀2฀c฀o฀s ฀1฀2
U
S
V
1NN 1
Sª º§ · « »¨ ¸« »© ¹¬ ¼
฀ ฀(฀2฀6฀)฀ 
% 2SWLPDO6WDWRU6ORW5RWRU3ROH1XPEHU&RPELQDWLRQ
฀T฀h฀e฀ ฀f฀e฀a฀s฀i฀b฀l฀e฀ ฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀/฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀c฀o฀m฀b฀i฀n฀a฀t฀i฀o฀n฀ ฀c฀an฀ 
฀b฀e฀ ฀g฀e฀n฀e฀r฀a฀l฀l฀y฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀ ฀a฀s฀ 
฀   ฀, ฀1฀,฀2฀,฀3฀,฀.฀.฀.฀,V SKV U
1 N1 N*&' 1 1    (฀2฀7฀)฀ 
฀w฀h฀e฀r฀e฀ 1SK  i s฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ ฀n฀u฀m฀b฀e฀r฀.฀ ฀T฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ 
฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀/฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀c฀o฀m฀b฀i฀n฀a฀t฀i฀o฀n฀s฀ 1V /1U฀ f r  o b t a฀i฀n฀i฀n฀g฀ 
฀s฀y฀m฀m฀e฀t฀r฀i฀c฀a฀l฀ ฀p฀h฀a฀s฀e฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀s฀h฀o฀u฀l฀d฀ ฀c฀o฀m฀p฀l฀y฀ 
฀w฀i฀t฀h฀ ฀[฀1฀7฀]฀ 
฀   ฀2 ฀, ฀0฀,฀1฀,฀2฀,฀.฀.฀.฀,V V U
1 N N*&' 1 1   ฀ ( 2 8฀)฀ 
฀w฀h฀e฀r฀e฀ *&'฀ ฀d฀e฀n฀o฀t฀e฀s฀ ฀t฀h฀e฀ ฀g฀r฀e฀a฀t฀e฀s฀t฀ ฀c฀o฀m฀m฀o฀n฀ ฀d฀i฀v฀i฀s฀o฀r฀.฀ ฀ 
฀B฀a฀s฀e฀d฀ ฀o฀n฀ ฀(฀2฀1฀)฀~฀(฀2฀6฀)฀,฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀e฀q฀u฀a฀t฀i฀o฀n฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀u฀r฀t฀h฀e฀r฀ 
฀r฀e฀w฀r฀i฀t฀t฀e฀n฀ ฀a฀s฀ 
฀2 ฀1
฀1
฀0
฀3
฀2฀1฀2 c฀o฀s ฀1฀2฀1฀/ ฀1
J D D V U
H P L U
L VVP
UU
5 / 1 , 17 % 11K L 1
S
P P
f
 
ª º§ · / « »¨ ¸ª º§ · « »© ¹¬ ¼r« »¨ ¸© ¹¬ ¼
¦ ฀ ฀(฀2฀9฀)฀ 
฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀i฀f฀ ฀t฀h฀e฀ ฀b฀a฀s฀i฀c฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀,฀ ฀s฀u฀c฀h฀ a s  
฀t฀h฀e฀ ฀o฀v฀e฀r฀a฀l฀l฀ ฀d฀i฀m฀e฀n฀s฀i฀o฀n฀s฀ ฀a฀n฀d฀ ฀m฀a฀g฀n฀e฀t฀ ฀s฀i฀z฀i฀n฀g฀,฀ ฀e฀t฀c฀.฀ ฀a฀r฀e฀ ฀p฀r฀e฀-
฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀c฀a฀s฀e฀,฀ ฀t฀h฀e฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀ ฀a฀n฀d฀ ฀P฀M฀ ฀f฀l฀u฀x฀ ฀d฀e฀ns i฀t฀y  
฀h฀a฀r฀m฀o฀n฀i฀c฀ ฀m฀a฀g฀n฀i฀t฀u฀d฀e฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀u฀b฀s฀e฀q฀u฀e฀n฀t฀l฀y฀ ฀r฀e฀g฀a฀r฀d฀e฀d฀ ฀a฀s฀ ฀c฀o฀n฀s฀t฀an t .฀ 
฀C฀o฀n฀s฀e฀q฀u฀e฀n฀t฀l฀y฀,฀ ฀i฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀d฀e฀d฀u฀c฀e฀d฀ ฀f฀r฀o฀m฀ ฀(฀3฀0฀)฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ 
฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀r฀e฀a฀c฀h฀e฀s฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m฀u฀m฀ ฀w฀h฀e฀n฀ ฀t฀h฀e฀ ฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ 
฀e฀x฀p฀r฀e฀s฀s฀i฀o฀n฀s฀ ฀a฀r฀e฀ ฀s฀a฀t฀i฀s฀f฀i฀e฀d฀:฀ 
฀ ฀1 ฀0฀, ฀. ฀.฀, ฀, ฀1฀,฀2฀,฀3฀,฀.฀.฀.V U V
U
1L L H 1 L1 L1 r | |   (฀3 0 )  
฀  ฀2 ฀1฀2 ฀1 ฀2 ฀, ฀. ฀.฀, ฀, ฀0฀,฀1฀,฀2฀,฀.฀.฀.฀2U U VV
N1 N L H 1 1 N1
 | |  ฀ ฀(฀3฀1฀)฀ 
฀B฀y฀ ฀s฀y฀n฀t฀h฀e฀s฀i฀z฀i฀n฀g฀ ฀(฀3฀0฀)฀ ฀a฀n฀d฀ ฀(฀3฀1฀)฀,฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀ ฀b฀e฀t฀w฀e฀en  
฀t฀h฀e฀ ฀s฀t฀a฀t฀o฀r฀/฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀c฀o฀m฀b฀i฀n฀a฀t฀i฀o฀n฀ ฀s฀h฀o฀u฀l฀d฀ ฀c฀o฀m฀p฀l฀y฀ ฀w฀i฀t฀h฀ 
฀“฀21U฀≈N1V฀,฀ N =฀1฀,฀ ฀2฀,฀ ฀3฀…฀”฀ ฀ 
฀B฀y฀ ฀w฀a฀y฀ ฀o฀f฀ ฀e฀x฀a฀m฀p฀l฀e฀,฀ ฀t฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀p฀o฀l฀e฀ ฀p฀a฀i฀r฀ ฀n฀u฀m฀b฀e฀r฀,฀ 
฀p฀i฀t฀c฀h฀ ฀f฀a฀c฀t฀o฀r฀,฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀f฀a฀c฀t฀o฀r฀,฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀f฀a฀c฀t฀o฀r NZ฀ ฀a฀n฀d  
฀m฀a฀g฀n฀i฀t฀u฀d฀e฀s฀ ฀r฀e฀g฀a฀r฀d฀i฀n฀g฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀a฀i฀n฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-
฀F฀R฀M฀ ฀w฀i฀t฀h฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀c฀o฀m฀b฀i฀n฀a฀t฀i฀o฀n฀s฀ ฀a฀r฀e฀ ฀l฀i฀s฀t฀e฀d฀ 
฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀I฀I฀I฀.฀ ฀I฀t฀ ฀i฀s฀ ฀w฀o฀r฀t฀h฀ ฀m฀e฀n฀t฀i฀o฀n฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀a฀l฀l฀ ฀w฀o฀r฀k฀i฀n฀g฀ ฀f฀i฀e฀l฀d฀ 
฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀a฀r฀e฀ ฀w฀i฀t฀h฀ ฀s฀a฀m฀e฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀f฀a฀c฀t฀o฀r฀s฀,฀ ฀a฀s฀ ฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀e฀a฀r฀l฀i฀e฀r .  
฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀t฀h฀e฀ ฀m฀a฀g฀n฀i฀t฀u฀d฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀o฀m฀i฀n฀a฀n฀t฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀m฀a฀g฀n฀e฀t฀i฀c฀ 
฀f฀i฀e฀l฀d฀s฀ ฀d฀e฀c฀r฀e฀a฀s฀e฀ ฀d฀r฀a฀m฀a฀t฀i฀c฀a฀l฀l฀y฀ ฀w฀h฀e฀n฀ ฀t฀h฀e฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀ 
฀e฀x฀c฀e฀e฀d฀s฀ ฀1฀6฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀a฀t฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀t฀o฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ f l฀u฀x฀ 
฀l฀e฀a฀k฀a฀g฀e฀ ฀i฀n฀ ฀t฀h฀o฀s฀e฀ ฀c฀a฀s฀e฀s฀.฀ 
฀T฀A฀B฀L฀E฀ I I I฀ 
C฀O฀M฀P฀A฀R฀I฀S฀O฀N฀ ฀O฀F฀ MA฀G฀N฀I฀T฀U฀D฀E฀S฀ ฀A฀N฀D฀ W฀I฀N฀D I฀N฀G฀ ฀F฀A฀C฀T O฀R฀S฀ ฀O฀F฀ D฀O฀M I N A฀N฀T฀ 
฀W฀O฀R฀K฀I฀N฀G฀ F฀I฀E L D฀ H฀A฀R฀M฀O฀N฀I฀C฀S฀ ฀I฀N฀ ฀6 -฀T A T฀O฀R฀-฀SL O฀T฀ C฀P฀-฀F฀R฀M฀S฀ ฀W฀I฀T฀H฀ D฀I฀F฀F E฀R฀E฀N฀T฀ 
฀R฀O฀T฀O฀R฀ P฀O฀L฀E฀S฀, .฀=฀0฀, 1 ,฀ 2฀…฀ 
1V฀ 1U ฀P฀o฀l฀e฀ ฀p฀a฀i r NG NS NZ %J¶
฀6฀ 
฀4฀  ฀1฀ ฀0฀.฀8฀6฀6 ฀0฀.฀8฀6฀6 ฀0.฀2฀7฀ ฀T  ฀1฀ ฀0฀.฀8฀6฀6 ฀0฀.฀8฀6฀6 ฀0.฀1฀6฀ ฀T 
฀5  ฀1฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀1฀9฀ ฀T฀  1฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀1฀4฀ ฀T฀ 
฀7฀  ฀1฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀2฀7฀ ฀T฀  ฀1฀ ฀0฀.฀5฀0฀0 ฀0฀.฀5฀0฀0 ฀0.฀1฀3฀ ฀T 
฀8฀  ฀1฀ ฀0฀.฀8฀6฀6 ฀0฀.฀8฀6฀6 ฀0.฀2฀8฀ ฀T  ฀1฀ ฀0฀.฀8฀6฀6 ฀0฀.฀8฀6฀6 ฀0.฀1฀4฀ ฀T 
฀1฀0฀  ฀1฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀1฀5฀ ฀T฀  ฀1฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀2฀5฀ ฀T฀ 
฀1฀1฀  ฀1฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀1฀4฀ ฀T฀  ฀1฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀2฀4฀ ฀T฀ 
฀1฀3฀  ฀1฀ ฀0฀.฀5฀0฀0 ฀0฀.฀5฀0฀0 ฀0฀.฀1฀3฀ ฀T฀  ฀1฀ ฀0฀.฀5฀0฀0 ฀0฀.฀5฀0฀0 ฀0.฀2฀2฀ ฀T 
฀1฀4  ฀1฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀1฀9฀ ฀T฀  ฀1฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀1฀4฀ ฀T฀ 
฀1 6   ฀1฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀1฀8฀ ฀T฀  ฀1฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀1฀6฀ ฀T฀ 
฀1฀7฀  ฀1฀ ฀0฀.฀5฀0฀0 ฀0฀.฀5฀0฀0 ฀0฀.฀0฀8฀ T฀  ฀1฀ ฀0฀.฀5฀0฀0 ฀0฀.฀5฀0฀0 ฀0. ฀3฀ T฀ 
฀1฀9฀  ฀1฀ ฀0฀.฀5฀0฀0 ฀0฀.฀5฀0฀0 ฀0.฀0฀9฀ ฀T  ฀1฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀5฀0฀0฀ ฀0฀.฀0฀5฀ ฀T฀ 
฀2฀0฀  ฀1฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀0฀1฀ ฀T฀  ฀1฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀8฀6฀6฀ ฀0฀.฀0฀2฀ ฀T฀ 
฀ 
฀B฀y฀ ฀t฀a฀k฀i฀n฀g฀ ฀6฀-฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀ ฀C฀P฀-฀F฀R฀M฀ ฀a฀s฀ ฀a฀ ฀u฀n฀i฀t฀y฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀ ฀t฀h฀e฀ ฀F฀E฀ 
฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀s฀ ฀a฀s฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀he  
฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀0฀,฀ ฀i฀n฀ ฀w฀h฀i฀c฀h฀ ฀g฀o฀o฀d฀ 
฀a฀g฀r฀e฀e฀m฀e฀n฀t฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀F฀E฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀c฀o฀n฀f฀i฀r฀m฀s฀ ฀t฀h฀e฀ 
฀v฀a฀l฀i฀d฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀e฀t฀h฀o฀d฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m฀u฀m฀ 
฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀1฀1฀-฀r฀o฀t฀o฀r฀ ฀c฀a฀s฀e฀ ฀(1U฀≈฀21V ) ,฀ ฀w h c h  
฀v฀e฀r฀i฀f฀i฀e฀s฀ ฀t฀h฀e฀ ฀a฀b฀o฀v฀e฀ ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀.฀ ฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀n฀o฀t฀i฀c฀e฀d฀ ฀t h฀a฀t฀ 
฀t฀h฀e฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀e฀x฀t฀e฀n฀d฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀s฀t฀a฀t฀o฀r฀-
฀s฀l฀o฀t฀/฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀c฀o฀m฀b฀i฀n฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀s฀t฀a฀t฀o฀r฀ ฀e฀x฀c฀i฀t฀e฀d฀ 
฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀.฀ 
฀ ฀F฀i฀g฀.฀ ฀2฀0฀.฀ ฀V฀a฀r฀i฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀F฀E฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀l฀y฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀s฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ 
฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ ฀t฀h฀e฀ ฀6฀-฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀ ฀C฀P฀-฀F฀R฀M฀s฀.฀ ฀ 
฀1฀,฀ ฀4
฀2฀,฀ ฀5฀3฀,฀ ฀6
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฀T฀h฀e฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀a฀g฀n฀e฀t฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀ KP฀ ฀o฀n  t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ 
฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀t฀w฀o฀ ฀S฀P฀M฀-฀ ฀a฀n฀d฀ ฀C฀P฀-฀F฀R฀M฀s฀ ฀a฀r฀e฀ ฀e฀v฀a฀l฀u฀a฀t฀e฀d฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ 
฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀1฀(฀a฀)฀.฀ ฀I฀t฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀“KP฀”฀ ฀o฀f  t฀h e  S P฀M฀ 
฀i฀s฀ ฀s฀m฀a฀l฀l฀e฀r฀.฀ ฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀d฀r฀a฀m฀a฀t฀i฀c฀a฀l฀l฀y d r o฀p฀s฀ 
฀a฀s฀ KP e฀x฀c฀e฀e฀d฀s฀ ฀t฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀v฀a฀l฀u฀e฀,฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀f฀i฀l฀e฀ ฀t฀e฀n฀d฀s฀ 
฀t฀o฀ ฀d฀e฀c฀r฀e฀a฀s฀e฀ ฀s฀t฀e฀a฀d฀i฀l฀y฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀C฀P฀ ฀c฀a฀s฀e฀.฀ ฀O฀v฀e฀r฀a฀l฀l฀,฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R M  
฀s฀h฀o฀w฀s฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀l฀y฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀t฀h฀a฀n฀ ฀i฀t฀s฀ ฀S฀P฀M฀ ฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀ ฀d฀u฀e฀ 
฀t฀o฀ ฀t฀h฀e฀ ฀d฀o฀m฀i฀n฀a฀n฀t฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀f฀u฀n฀d฀a฀m฀e฀n฀t฀a฀l฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀ie l d  
฀h฀a฀r฀m฀o฀n฀i฀c฀,฀ ฀a฀s฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀1฀(฀b฀)฀,฀ ฀w฀h฀i฀c฀h฀ ฀c฀o฀n฀f฀i฀r฀m฀s฀ ฀t฀h฀e฀ 
฀v฀a฀l฀i฀d฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀b฀o฀v฀e฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀m฀e฀t฀h฀o฀d฀.฀ 
฀ ฀(฀a฀)฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀2฀1฀.฀ ฀I฀n฀f฀l฀u฀e฀n฀c฀e฀s฀ ฀o฀f฀ ฀m฀a฀g฀n฀e฀t฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀ ฀o฀n฀ ฀(฀a฀)฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀,  a n d฀ ( b฀)  T o r q u฀e฀ 
฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀d฀o฀m฀i฀n฀a฀n฀t฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀.฀ 
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฀I฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀,฀ ฀t฀h฀e฀ ฀e฀l฀e฀c฀t฀r฀o฀m฀a฀g฀n฀e฀t฀i฀c฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ a  
฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀6฀ ฀s฀t฀a฀t฀o฀r฀ ฀s฀l฀o฀t฀/฀4฀ ฀p฀o฀l฀e฀ ฀p฀a฀i฀r฀s฀ ฀s฀u฀r฀f฀a฀c฀e฀-฀m฀o฀u฀n฀t฀e฀d  P M฀ 
฀(฀S฀P฀M฀)฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀ ฀a฀ ฀6฀/฀4฀-฀p฀o฀l฀e฀ ฀s฀w฀i฀t฀c฀h฀e฀d฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀(฀S฀R M )  
฀a฀n฀d฀ ฀t฀h฀e฀ ฀6฀/฀1฀1฀-฀p฀o฀l฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀a฀r฀e฀ 
฀c฀o฀m฀p฀a฀r฀e฀d฀.฀ ฀T฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀t฀o฀p฀o฀l฀o฀g฀i฀e฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i n  
฀F฀i฀g฀.฀ ฀2฀2฀.฀ ฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀p฀e฀r฀f฀o฀r฀m฀ ฀t฀h฀e฀ ฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀f฀a฀i฀r฀l฀y฀,฀ ฀t฀h฀e฀s฀e฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀a฀s฀s฀u฀m฀e฀d฀ ฀w฀i฀t฀h฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀ ฀o฀u฀t฀e฀r฀ ฀d฀i฀a฀m฀e฀t฀e฀r฀,฀ ฀s฀t฀a฀c฀k฀ 
฀l฀e฀n฀g฀t฀h฀,฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀l฀e฀n฀g฀t฀h฀,฀ ฀a฀n฀d฀ ฀r฀a฀t฀e฀d฀ ฀c฀u฀r฀r฀e฀n฀t฀.฀ ฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ ฀t฀h฀r฀e฀e฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀a฀l฀l฀ ฀o฀p฀t฀i฀m฀i฀z฀e฀d฀ ฀f฀o฀r฀ ฀o฀b฀t฀a฀i฀n฀i฀n฀g฀ ฀t฀h฀e฀ ฀l฀a฀r฀g฀e฀s฀t฀ ฀t฀o฀r฀q฀u฀e฀ 
฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀ ฀o฀f฀ ฀r฀a฀t฀e฀d฀ ฀c฀o฀p฀p฀e฀r฀ ฀l฀o฀s฀s฀ ฀o฀f฀ ฀2฀0฀W .  
฀F฀u฀r฀t฀h฀e฀r฀m฀o฀r฀e฀,฀ ฀d฀o฀u฀b฀l฀e฀-฀l฀a฀y฀e฀r฀ ฀n฀o฀n฀-฀o฀v฀e฀r฀l฀a฀p฀p฀i฀n฀g฀ ฀w฀i฀n฀d฀i฀n฀g฀s฀ ฀a฀r฀e฀ 
฀e฀m฀p฀l฀o฀y฀e฀d฀ ฀f฀o฀r฀ ฀t฀h฀e฀s฀e฀ ฀t฀h฀r฀e฀e฀ ฀t฀o฀p฀o฀l฀o฀g฀i฀e฀s฀.฀ ฀T฀h฀e฀ ฀m฀a฀i฀n฀ ฀d฀e฀s฀i฀g฀n฀ 
฀s฀p฀e฀c฀i฀f฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀o฀p฀t฀i฀m฀a฀l฀l฀y฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀l฀i฀s฀t฀e฀d฀ ฀i฀n฀ 
฀T฀a฀b฀l฀e฀ ฀I฀V฀.฀ 
฀T฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀h฀r฀e฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀a฀r฀e฀ ฀c฀o฀m฀p฀a฀re d  
฀i฀n฀ ฀F฀i฀g฀s฀.฀ ฀2฀3฀ ฀a฀n฀d฀ ฀2฀4฀.฀ ฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀a฀n d  S P M฀ 
฀m฀a฀c฀h฀i฀n฀e฀ ฀a฀r฀e฀ ฀b฀o฀t฀h฀ ฀s฀u฀p฀p฀l฀i฀e฀d฀ ฀b฀y฀ ฀a฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀ ฀t฀h฀r฀e฀e฀-฀p฀h฀a฀s฀e฀ ฀f฀u฀l฀l฀ b r฀i฀d฀g฀e฀ 
฀A฀C฀ ฀i฀n฀v฀e฀r฀t฀e฀r฀,฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀S฀R฀M฀ ฀i฀s฀ ฀d฀r฀i฀v฀e฀n฀ ฀b฀y฀ ฀t฀h฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀c฀h฀o฀pp i฀n g  
฀c฀o฀n฀t฀r฀o฀l฀.฀ ฀A฀ ฀c฀i฀r฀c฀u฀i฀t฀ ฀c฀o฀m฀p฀o฀s฀i฀n฀g฀ ฀o฀f฀ ฀a฀ ฀v฀o฀l฀t฀a฀g฀e฀ ฀s฀o฀u฀r฀c฀e฀ ฀a฀n฀d฀ ฀a฀ ฀t฀h฀r e e -
฀p฀h฀a฀s฀e฀ ฀s฀w฀i฀t฀c฀h฀i฀n฀g฀ ฀c฀i฀r฀c฀u฀i฀t฀,฀ ฀a฀n฀d฀ ฀i฀t฀ ฀s฀u฀p฀p฀l฀i฀e฀s฀ ฀s฀q฀u฀a฀r฀e฀ ฀w฀a฀v฀e฀ ฀v฀o฀l฀t฀a฀g฀e฀ 
฀d฀e฀p฀e฀n฀d฀i฀n฀g฀ ฀o฀n฀ ฀O฀N฀/฀O฀F฀F฀ ฀t฀i฀m฀i฀n฀g฀ ฀t฀o฀ ฀d฀r฀i฀v฀e฀ ฀t฀h฀e฀ ฀S฀R฀M฀.฀ ฀F฀o฀r฀m฀ ฀t฀h฀e฀ 
฀s฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀3฀,฀ ฀i฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀t h a t  t฀h e฀ 
฀C฀P฀-฀F฀R฀M฀ ฀e฀x฀h฀i฀b฀i฀t฀s฀ ฀c฀o฀m฀p฀a฀r฀a฀b฀l฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀SP M฀ 
฀m฀a฀c฀h฀i฀n฀e฀ ฀a฀t฀ ฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀m฀u฀c฀h฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀t฀h e฀ 
฀S฀R฀M฀.฀ ฀B฀e฀s฀i฀d฀e฀s฀,฀ ฀t฀h฀e฀ ฀S฀R฀M฀ ฀a฀n฀d฀ ฀S฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀s฀u฀f฀f฀e฀r฀ ฀f฀r฀o฀m฀ ฀m฀o฀r฀e฀ 
฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀.฀ ฀F฀r฀o฀m฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u e  ฀a฀n฀d  
฀t฀o฀r฀q฀u฀e฀/฀c฀o฀s฀t฀ ฀r฀a฀t฀i฀o฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀c฀u฀r฀v฀e฀s฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀4฀,฀ ฀t฀h฀e฀ h i g฀h฀e฀s฀t฀ 
฀o฀v฀e฀r฀-฀l฀o฀a฀d฀i฀n฀g฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀S฀P฀M฀ ฀c฀a฀s฀e฀,฀ ฀w฀h i฀l e  
฀t฀h฀e฀ ฀b฀e฀s฀t฀ ฀t฀o฀r฀q฀u฀e฀ ฀u฀t฀i฀l฀i฀z฀a฀t฀i฀o฀n฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ 
฀C฀P฀-฀F฀R฀M฀ ฀d฀e฀s฀i฀g฀n฀.฀ 
฀T฀h฀e฀ ฀k฀e฀y฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀a฀n฀d฀ ฀c฀o฀s฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀h฀r฀e฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀s a r e
฀l฀i฀s฀t฀e฀d฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀V฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R M฀ ฀s฀h฀o฀w s  
฀t฀h฀e฀ ฀b฀e฀s฀t฀ ฀t฀o฀r฀q฀u฀e฀ ฀q฀u฀a฀l฀i฀t฀y฀ ฀a฀n฀d฀ ฀c฀o฀s฀t฀-฀e฀f฀f฀e฀c฀t฀i฀v฀e฀n฀e฀s฀s฀,฀ ฀i฀.฀e฀.฀,฀ ฀i฀t฀s฀ ฀h฀i฀g฀h e s฀t฀ 
t o r q u฀e฀ p e฀r฀ ฀m฀a฀g฀n e t฀ ฀v฀o฀l฀u฀m฀e฀/฀c฀o฀s฀t฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀.฀ ฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ 
r e g u l a r฀ S P฀ ฀ m฀a฀c฀h฀i฀n฀e฀ ฀e฀x฀h฀i฀b฀i฀t฀s฀ ฀t฀h฀e฀ ฀l฀o฀w฀e฀s฀t฀ ฀i฀r฀o฀n฀ ฀l฀o฀s฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ 
h i g h e s t  e฀f f i c i e n c฀y฀.  Q฀u฀a฀n฀t฀i฀t฀a฀t฀i฀v฀e฀l฀y฀,฀ ฀i฀n฀ ฀t฀e฀r฀m฀s฀ ฀o฀f฀ ฀c฀o฀s฀t฀ ฀i฀s฀s฀u e฀s฀,  h e฀ 
฀S R M฀ ฀c฀a฀n฀ ฀s a v฀e฀ ฀$฀2฀7฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀m a g฀n฀e฀t฀ ฀c฀o฀s฀t฀ ฀a฀n฀d฀ ฀$฀4฀2฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀to  t h e  
C฀P -฀F฀R M฀ ฀a฀n฀d฀ t h e  r e g u l a r  S P M฀ m a฀c฀h฀i฀n฀e฀ ฀w฀i฀t฀h฀ ฀s฀a฀m฀e฀ ฀v฀o฀l฀u฀m฀e฀.฀ 
฀B฀e฀s฀i฀d฀e฀s฀,฀ t h e  ฀t฀o t฀a฀l฀ c o฀s฀t฀ ฀o฀f฀ ฀t h e  S R฀M฀ ฀(฀$฀3฀0฀)฀ ฀i฀s฀ ฀o฀n฀l฀y฀ ฀a฀p฀p฀r฀o฀x฀i฀m a t e l y  
฀5฀2฀.฀6 3 %฀ ฀a฀n฀d฀ ฀4฀1฀.฀6฀7 %฀ ฀o฀f฀ ฀t฀h o s e  ฀o f  t฀h e  C฀P฀-฀F฀R฀M฀ ฀(฀$฀5฀7฀)฀ ฀a฀n฀d฀ ฀t฀h฀e฀ 
฀r฀e g฀u฀l฀a฀r฀ S฀P฀M  m a฀c฀h฀i n e  ฀(฀$฀7 2 ) .  T h฀e r e f o r฀e฀,฀ ฀i฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀u฀m฀m฀a฀r฀i฀z฀e฀d฀ 
฀t฀h฀a฀t฀ ฀t h฀e  ฀S฀R฀M  ฀i฀s฀ ฀f฀a฀v฀o฀r฀a฀b฀l e  f o r  ฀l฀o฀w - c o฀s฀t฀ ฀a฀n฀d฀ ฀h฀a฀r฀s฀h฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀ 
฀d฀u฀e฀ ฀t฀o฀ ฀t h฀e฀ ฀a฀b฀s฀e฀n฀c฀e฀ o฀f฀ ฀P฀M s฀,฀ ฀a฀l฀b฀e฀i฀t฀ ฀w฀i฀t฀h฀ ฀l฀o฀w฀ ฀t฀o฀r฀q฀u฀e฀ ฀d฀e฀n฀s฀i฀ty  a n d  
฀h฀i฀g฀h฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀.฀ ฀ 
฀T฀A฀B฀L฀E฀ I V฀ 
฀M฀A฀I฀N฀ ฀D฀E S฀I฀G฀N฀ ฀SP E C฀I฀F฀I฀C฀A฀T฀I฀O฀N฀S฀ ฀O฀F฀ T฀H฀E฀ 6 ฀ST A T O฀R฀ ฀SL T฀/ 4PO฀L฀E฀ ฀PA I฀R฀S฀ 
฀R฀E฀G฀U฀L฀A฀R฀ S P฀M฀ M฀A฀C฀H฀I฀N฀E฀ ฀A฀N฀D฀ ฀6฀/ 4 - P฀O฀L฀E฀ ฀S฀R฀M฀ 
฀P฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀R฀e฀g฀u฀l฀a฀r฀ ฀S฀P฀M฀ ฀S฀R฀M฀ 
฀R฀a฀t฀e฀d฀ ฀s฀p฀e฀e฀d฀ ฀(฀r฀/฀m฀i฀n฀)฀ ฀4฀0฀0฀ 
฀O฀u฀t฀e฀r฀ ฀d฀i฀a฀m฀e฀t฀e฀r฀ ฀o฀f฀ ฀s฀t฀a฀t฀o฀r฀ ฀(฀m฀m฀)฀ ฀1฀0฀0฀ 
฀S฀p฀l฀i฀t฀ ฀r฀a฀t฀i฀o฀ ฀0฀.฀6฀0฀ ฀0฀.฀6฀2฀ 
฀A฀i฀r฀-฀g฀a฀p฀ ฀l฀e฀n฀g฀t฀h฀ ฀(฀m฀m฀)฀ ฀0฀.฀5฀ 
฀A฀c฀t฀i฀v฀e฀ ฀s฀t฀a฀c฀k฀ ฀l฀e฀n฀g฀t฀h฀ ฀(฀m฀m฀)฀ ฀5฀0฀ 
฀S฀t฀a฀t฀o฀r฀ ฀t฀o฀o฀t฀h฀ ฀w฀i฀d฀t฀h฀ ฀(฀m฀m฀)฀ ฀1฀0฀ ฀1฀1฀.฀5฀ 
฀R฀a฀t฀i฀o฀ ฀o฀f฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀l฀e฀ ฀t฀o฀ ฀p฀i฀t฀c฀h฀ ฀1฀ ฀0฀.฀4฀5฀ 
฀R฀a฀t฀e฀d฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀(฀A฀r฀m฀s฀)฀ ฀7฀.฀5฀ 
฀T฀u฀r฀n฀s฀ ฀o฀f฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀p฀e฀r฀ ฀p฀h฀a฀s฀e฀ ฀1 3 2 
฀N฀d฀F฀e฀B฀ ฀m฀a฀g฀n฀e฀t฀ ฀t฀h฀i฀c฀k฀n฀e฀s฀s฀ ฀(฀m฀m฀)฀ ฀3 .฀6 ฀-฀ 
฀N฀d฀F฀e฀B฀ ฀m฀a฀g฀n฀e฀t฀ ฀g฀r฀a฀d฀e฀ ฀N฀3฀5฀S฀H 
฀S฀t฀e฀e฀l฀ ฀m฀a฀t฀e฀r฀i฀a฀l฀ ฀3฀5฀C฀S฀4฀4฀0฀ 
฀ ฀ ฀(฀a฀)฀ ฀(฀b฀)฀ 
฀F฀i฀g .  ฀2 2 .฀ T o p฀o฀l฀o g i฀e฀s฀ o฀f฀ ฀( a฀)฀ ฀6฀/ 8 -฀p฀o฀l฀e  ฀r฀e g฀u฀l฀a r  ฀S฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e a n d฀ ( b )  6฀/ 4 - p o l e฀ S฀R M .
฀ ฀( a )฀ 
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฀R฀e g u฀l฀a r฀ ฀S฀P MC฀P฀M฀- F R M
฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀2฀3฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀s฀t฀e฀a฀d฀y฀-฀s฀t฀a฀t฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀u฀n฀d฀er  r a d - l฀o a d  s t a e ,  
฀4฀0฀0฀r฀/฀m฀i฀n฀.฀ ฀(฀a฀)฀ ฀R฀e฀g฀u฀l฀a฀r฀ ฀S฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀a฀n฀d฀ ฀C฀P฀-฀F฀R฀M฀.฀ ฀(฀b฀)฀ ฀S฀R฀M฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀2฀4฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀(฀a฀)฀ ฀t฀o฀r฀q฀u฀e฀ ฀v฀e฀r฀s฀u฀s฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀c฀h฀a฀r฀a฀c฀te r i฀s฀t฀i฀c฀s฀,฀ ฀a฀n฀d฀ ฀(฀b฀)฀ 
฀t฀o฀r฀q฀u฀e฀/฀c฀o฀s฀t฀ ฀r฀a฀t฀i฀o฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀.฀ 
฀T฀A฀B฀L฀E฀ V฀ 
฀C฀O฀M฀P฀A฀R฀I฀S฀O฀N฀ ฀O฀F฀ KE Y  P฀E฀R F฀O R฀M฀A฀N฀C฀E฀ ฀E฀T฀R฀I฀C฀S฀ ฀O฀F฀ T฀H฀E  TH฀R฀E฀E฀ I฀N฀V฀E฀S฀T฀I฀G฀A฀T฀E฀D฀ 
฀M฀A฀C฀H฀I฀N฀E฀S฀ @ ฀OP E N฀-฀CI฀R฀C฀U฀I฀T฀ ฀O฀R฀ R฀A฀T E D-฀LO฀A฀D฀ ฀ST A฀T฀E฀S 
฀I฀t฀e฀m฀s฀ ฀U฀n฀i฀t฀ ฀C฀P฀-฀F฀R฀M ฀R฀e฀g฀u฀l฀a฀r฀ ฀S฀P฀M฀ ฀S฀R฀M฀ 
฀A฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀Nā฀m฀ ฀4฀.฀7฀6฀ ฀5฀.฀0฀3฀ ฀0 .฀6 5  
฀T฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀ ฀%฀ ฀2฀.฀4฀ ฀4฀4฀.฀6฀ ฀1฀5฀4฀.฀4฀ 
฀C฀o฀g฀g฀i฀n฀g฀ ฀t฀o฀r฀q฀u฀e฀ ฀m฀N฀m฀ ฀7฀9฀.฀9฀ ฀1฀1฀3฀7฀.฀6฀ ฀-฀ 
฀M฀a฀g฀n฀e฀t฀ ฀u฀s฀a฀g฀e฀ ฀m฀m฀3  ฀2 4฀8฀8฀1 .฀4฀ ฀3฀9฀2฀3฀0฀.฀5฀ ฀-฀ 
฀M฀a฀g฀n฀e฀t฀ ฀c฀o฀s฀t฀ ฀$฀ ฀2฀7฀ ฀4฀2฀ ฀-฀ 
฀T฀o฀t฀a฀l฀ ฀c฀o฀s฀t฀ ฀$฀ ฀5฀7฀ ฀7฀2฀ ฀3฀0฀ 
฀T฀o฀r฀q฀u฀e฀/฀P฀M฀ 
฀v฀o฀l฀u฀m฀e฀ 
Nā฀m฀/฀ 
฀c฀m฀3฀ ฀0฀.฀1฀9฀1฀ ฀0฀.฀1฀2฀8฀ ฀-฀ 
฀T฀o฀r฀q฀u฀e฀/฀c฀o฀s฀t฀ ฀Nā฀m฀/฀$฀ ฀0฀.฀0฀8฀4฀ ฀0฀.฀0฀7฀0฀ ฀0฀.฀0฀2฀2฀ 
฀I฀r฀o฀n฀ ฀l฀o฀s฀s ฀W  ฀1฀0฀.฀2฀1฀ ฀6฀.฀6฀9฀ ฀8฀.฀7฀2฀ 
฀E฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀%฀ ฀8฀2฀.฀6฀5฀ ฀8฀4฀.฀3฀6฀ ฀7฀0฀.฀9฀0฀ 
9, (;3(5,0(17$/9$/,'$7,21
฀T฀h฀e฀ ฀6฀-฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀/฀1฀1฀-฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀i฀s฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀ ฀f฀o฀r฀ ฀t฀h฀e  
฀p฀r฀o฀t฀o฀t฀y฀p฀e฀ ฀m฀a฀n฀u฀f฀a฀c฀t฀u฀r฀i฀n฀g฀ ฀d฀u฀e฀ ฀t฀o฀ ฀i฀t฀s฀ ฀s฀a฀t฀i฀s฀f฀a฀c฀t฀o฀r฀y฀ ฀t฀o฀r฀q฀u฀e฀ ฀q฀ua l i t y .฀ 
฀T฀h฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀a฀s฀s฀e฀m฀b฀l฀y฀ ฀a฀n฀d฀ ฀t฀e฀s฀t฀ ฀r฀i฀g฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀5฀.฀ 
฀O฀S฀O฀K฀K฀I฀ ฀T฀S฀-฀7฀7฀0฀0฀ ฀T฀o฀r฀q฀u฀e฀ ฀S฀t฀a฀t฀i฀o฀n฀ ฀i฀s฀ ฀u฀t฀i฀l฀i฀z฀e฀d฀ ฀t฀o฀ ฀g฀e฀n฀e฀r฀a฀t฀e฀ ฀a฀ ฀l฀o฀a฀d฀ 
฀t฀o฀r฀q฀u฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀t฀e฀s฀t฀e฀d฀ ฀p฀r฀o฀t฀o฀t฀y฀p฀e฀s฀.฀ ฀ 
฀ ฀(฀a฀) ฀(฀b฀) 
฀F฀i฀g฀.฀ ฀2฀5฀.฀ ฀(฀a฀)฀ ฀6฀/฀1฀1฀-฀p฀o฀l฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀p฀r฀o฀t฀o฀t฀y฀p฀e฀.฀ ฀(฀b฀)฀ ฀T฀e฀s฀t฀-฀r฀i฀g฀.฀ 
฀U฀n฀d฀e฀r฀ ฀t฀h฀e฀ ฀r฀a฀t฀e฀d฀ ฀s฀p฀e฀e฀d฀ ฀o฀f฀ ฀4฀0฀0฀r฀/฀m฀i฀n฀,฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ ฀b฀a฀c฀k฀-฀E฀M฀F฀s฀ 
฀a฀n฀d฀ ฀t฀o฀r฀q฀u฀e฀s฀ ฀v฀e฀r฀s฀u฀s฀ T฀-฀a฀x฀i฀s  ฀c฀u฀r฀r฀e฀n฀t฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀f฀o฀r฀ ฀t฀h฀e฀ 
฀p r o฀t฀o t y฀p e฀ ฀m a฀c฀h฀i฀n e  ฀a฀r e  m฀e฀a฀s฀u฀r฀e฀d฀ ฀a฀n฀d฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀F฀E฀ ฀a฀n฀d฀ 
a฀n฀a l y฀t฀i฀c a l  r฀e฀s฀u฀l t s  ฀i฀n฀ ฀F i฀g฀.฀ ฀2฀6฀.฀ ฀T฀h฀e฀ ฀s฀l฀i฀g฀h฀t฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀b฀e฀t฀we e n  F฀E ,฀ 
฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀a฀t฀t฀r฀i฀b฀u฀t฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀f฀a฀c฀t฀ 
฀t฀h฀a฀t฀ ฀e฀n฀d฀-฀e฀f฀f฀e฀c฀t฀s฀ ฀a฀n฀d฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀t฀o฀l฀e฀r฀a฀n฀c฀e฀ ฀a฀r฀e฀ ฀n฀o฀t฀ ฀i฀n฀c฀l฀u฀d฀e฀d฀ ฀i n  
฀t฀h฀e฀ ฀F฀E฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀.฀ ฀U฀n฀d฀e฀r฀ ฀t฀h฀e฀ ฀r฀a฀t฀e฀d฀ ฀s฀p฀e฀e฀d฀ ฀o฀f฀ 
฀4฀0฀0฀r฀/฀m฀i฀n฀,฀ ฀t฀h฀e฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀p฀h฀a฀s฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀a฀n฀d฀ 
฀v฀o฀l฀t฀a฀g฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀o฀t฀o฀t฀y฀p฀e฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀a฀t฀ ฀r฀a฀t฀e฀d฀ ฀l฀o฀a฀d฀ 
฀c฀o฀n฀d฀i฀t฀i฀o฀n฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀7฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀F฀E฀-
฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀a฀g฀r฀e฀e฀ ฀w฀e฀l฀l฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀o฀n฀e฀s฀.฀ ฀M฀ea n฀w฀h฀i฀l e ,  
฀t฀h฀e฀ ฀o฀n฀-฀l฀o฀a฀d฀ ฀c฀u฀r฀r฀e฀n฀t฀/฀v฀o฀l฀t฀a฀g฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀a฀r฀e฀ ฀b฀a฀s฀i฀c฀a฀l฀l฀y฀ ฀s฀i฀n฀u฀s฀o฀i฀d฀a฀l฀,฀ 
฀a฀n฀d฀ ฀t฀h฀e฀ ฀p฀h฀a฀s฀e฀ ฀v฀o฀l฀t฀a฀g฀e฀ ฀a฀m฀p฀l฀i฀t฀u฀d฀e฀ ฀i฀s฀ ฀a฀b฀o฀u฀t฀ ฀2฀4฀V฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀c฀u฀r฀r฀e฀n t฀ 
฀a฀m฀p฀l฀i฀t฀u฀d฀e฀ ฀i฀s฀ ฀1฀0฀A฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ 
฀p฀h฀a฀s฀e฀ ฀i฀n฀d฀u฀c฀t฀a฀n฀c฀e฀s฀ ฀v฀e฀r฀s฀u฀s฀ ฀r฀o฀t฀o฀r฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀c฀u฀r฀v฀e฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g.  
฀2฀8฀.฀ ฀T฀h฀e฀ ฀F฀E฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀i฀n฀d฀u฀c฀t฀a฀n฀c฀e฀s฀ ฀a฀g฀r฀e฀e฀ ฀w฀e฀l฀l฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀t฀e฀s฀t฀ r e s฀u฀l t s ,  
฀a฀l฀t฀h฀o฀u฀g฀h฀ ฀w฀i฀t฀h฀ ฀a฀ ฀d฀i฀s฀c฀r฀e฀p฀a฀n฀c฀y฀ ฀c฀a฀u฀s฀e฀d฀ ฀b฀y฀ ฀e฀n฀d฀ ฀w฀i฀n฀d฀i฀n฀g฀s฀ ฀a฀n฀d฀ 
฀m฀a฀n฀u฀f฀a฀c฀t฀u฀r฀i฀n฀g฀ ฀i฀m฀p฀e฀r฀f฀e฀c฀t฀i฀o฀n฀.฀ ฀T฀h฀e฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ 
฀i฀n฀s฀t฀a฀n฀t฀a฀n฀e฀o฀u฀s฀ ฀t฀o฀r฀q฀u฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀u฀n฀d฀e฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ T -฀a฀x฀i฀s฀ ฀c฀u฀r฀r฀e n฀t  
฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀9฀.฀ ฀T฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀s฀ ฀a฀n฀d฀ 
฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀r฀a฀t฀e฀s฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀b฀y฀ ฀F฀E฀ ฀m฀e฀t฀h฀o฀d฀ ฀a฀n฀d฀ ฀t฀e฀s฀t฀ ฀a฀r฀e฀ ฀l฀i฀st฀e฀d  ฀i฀n฀ 
฀T฀a฀b฀l฀e฀ ฀V฀I฀.฀ ฀T฀h฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀f฀i฀l฀e฀s฀ ฀s฀h฀o฀w฀ ฀g฀o฀o฀d฀ ฀a฀g฀r฀e฀e฀m฀e฀n฀t฀ 
฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀o฀n฀e฀s฀ ฀a฀l฀b฀e฀i฀t฀ ฀w฀i฀t฀h฀ ฀s฀l฀i฀g฀h฀t฀ ฀d฀i฀s฀c฀r฀e฀p฀a฀n c y d u  t o  
฀t฀h฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀ ฀e฀r฀r฀o฀r฀,฀ ฀f฀r฀i฀c฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀m฀i฀n฀o฀r฀ ฀d฀i฀s฀t฀u฀r฀b฀a฀n฀c฀e฀ ฀i฀n฀ ฀t฀h฀e฀ 
฀c฀u฀r฀r฀e฀n฀t฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀.฀ ฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀s฀ ฀a฀r฀e฀ 
s l i g h t l y  ฀l฀a r g e฀r฀ t h฀a฀n  t h฀o฀s฀e฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀b฀y฀ ฀F฀E฀,฀ ฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ ฀m฀ai n฀l y  
฀a t t r฀i฀b u t e฀d  t o฀ ฀t h e฀ ฀f฀r฀i฀c฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀v฀i฀b฀r฀a฀t฀i฀o฀n฀ ฀d฀i฀s฀t฀u฀r฀b฀a฀n฀c฀e฀ ฀c฀a฀u฀s฀e฀d฀ ฀b฀y฀ ฀t฀h฀e  
฀t฀e฀s฀t฀ ฀r฀i฀g฀.฀ ฀O฀v฀e฀r฀a฀l฀l฀,฀ ฀i฀t฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀p฀r฀o฀t฀o฀t฀y฀p฀e฀ ฀c฀a฀n฀ 
p r฀o฀v฀i฀d฀e฀ ฀s฀m฀o฀o฀t฀h฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀.฀ ฀O฀v฀e฀r฀a฀l฀l฀,฀ ฀g฀o฀o฀d฀ ฀a฀g฀r฀e฀e฀m฀e฀n฀t฀ 
฀b฀e฀t฀w฀e฀e฀n฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀,฀ ฀F฀E฀ ฀a฀n฀d฀ ฀t฀e฀s฀t฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀c฀o฀n฀f฀i฀r฀m฀s฀ ฀t฀h฀e฀ ฀f฀o฀re g o i n g  
฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀.฀ 
฀ ฀(฀a฀)฀ 
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฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀2฀6฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀F฀E฀-฀/฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ r e฀s u l t s  o f  t h e  
฀C฀P฀-฀F฀R฀M฀.฀ ฀(฀a฀)฀ ฀B฀a฀c฀k฀-฀E฀M฀F฀@฀4฀0฀0฀r฀/฀m฀i฀n฀.฀ ฀(฀b฀)฀ ฀T฀o฀r฀q฀u฀e฀ ฀a฀g฀a฀i฀n฀s฀t฀ ฀c฀u฀r฀r฀e฀n฀t  w a v฀e f o r m฀.฀ 
฀ ฀(฀a฀)฀ 
฀ ฀(฀b฀)฀ 
฀F฀i฀g฀.฀ ฀2฀7฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀p฀h฀a฀s฀e ฀c u฀r฀r e n t  a n d  v o l t g e
฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀a฀t฀ ฀r฀a฀t฀e฀d฀-฀l฀o฀a฀d฀,฀ ฀4฀0฀0฀r฀/฀m฀i฀n฀.฀ ฀(฀a฀)฀ ฀P฀h฀a฀s฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀.฀ ฀(฀b฀) P h a s e฀ v o l t a฀g e .  
฀ ฀F฀i฀g฀.฀ ฀2฀8฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀p฀h฀a฀s฀e฀ ฀in d u฀c฀t a n c e  v e r฀s u s฀ 
฀r฀o฀t฀o฀r฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀. 
 ฀F฀i฀g฀.฀ ฀2฀9฀.฀ ฀C฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀F฀E฀-฀p฀r฀e฀d฀i฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀i฀n฀s฀t฀a฀n฀t฀an e o u฀s฀ t฀o r฀q u e  
฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀u฀n฀d฀e฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ T - a x i฀s฀ ฀c u r r e n t s .
฀T฀A฀B฀L฀E฀ V฀I฀ 
฀C฀O฀M฀P฀A฀R฀I฀S฀O฀N฀ ฀O฀F฀ F฀E -฀P฀R฀E D฀I C฀T฀E฀D฀ ฀A฀N฀D฀ ฀M฀E฀A฀S฀U฀R฀E฀D฀ TO R Q U฀E฀ ฀CH A R฀A฀C฀T฀E฀R฀I฀S฀T฀I฀C฀S฀ 
฀U฀N฀D฀E฀R฀ ฀DI F฀F฀E฀R฀E฀N฀T฀ 4฀-฀AX฀I S  ฀C฀U฀R฀R฀E฀N฀T฀S 
4฀-฀a฀x฀i฀s฀ ฀c฀u฀r฀r฀e฀n฀t฀ 
฀(฀A฀)฀ 
฀A฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀ 
฀(฀Nā฀m฀)฀ 
T o฀r฀q฀u฀e฀ r฀i฀p฀p฀l฀e฀ ฀r฀a฀t฀e฀ 
฀(฀%฀)฀ 
฀F฀E฀ ฀M฀e฀a฀s฀u฀r฀e฀d฀ ฀F฀E฀ ฀M฀e฀a฀s฀u฀r฀e฀d฀ 
฀2฀ ฀0฀.฀6฀3฀ ฀0฀.฀4฀8฀ ฀8฀.฀5฀5฀ ฀1฀1฀.฀2฀0฀ 
฀6฀ ฀2฀.฀7฀3฀ ฀2฀.฀5฀7฀ ฀3฀.฀2฀5฀ ฀4฀.฀2฀5฀ 
฀1฀0฀ ฀4฀.฀6฀2฀ ฀4฀.฀4฀5฀ ฀2฀.฀4฀0฀ ฀6฀.฀1฀3฀ 
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฀I฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀,฀ ฀a฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀-฀p฀o฀l฀e฀ ฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀(฀C฀P฀-
฀F฀R฀M฀)฀ ฀i฀s฀ ฀a฀n฀a฀l฀y฀z฀e฀d฀ ฀w฀i฀t฀h฀ ฀b฀i฀a฀s฀e฀d฀ ฀f฀l฀u฀x฀ ฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀t฀h฀e฀o฀r฀y฀,฀ ฀a฀n฀d฀ ฀i฀t฀s฀ 
฀g฀e฀n฀e฀r฀a฀l฀ ฀w฀o฀r฀k฀i฀n฀g฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀a฀n฀d฀ ฀d฀e฀s฀i฀g฀n฀ ฀p฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀a฀r฀e฀ 
฀c฀o฀m฀p฀r฀e฀h฀e฀n฀s฀i฀v฀e฀l฀y฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀.฀ ฀T฀h฀e฀ ฀k฀e฀y฀ ฀f฀i฀n฀d฀i฀n฀g฀s฀ ฀a฀r฀e฀ 
฀s฀u฀m฀m฀a฀r฀i฀z฀e฀d฀ ฀a฀s฀ ฀f฀o฀l฀l฀o฀w฀s฀:฀ 
฀1฀)฀ ฀T฀h฀e฀ ฀o฀p฀t฀i฀m฀a฀l฀ șPZ฀f฀o฀r฀ ฀m฀a฀x฀i฀m฀i฀z฀i฀n฀g฀ ฀t฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀i฀s฀ 
฀3฀0฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ ฀d฀e฀g฀r฀e฀e฀s฀ ฀f฀o฀r฀ ฀b฀o฀t฀h฀ ฀S฀P฀M฀-฀ ฀a฀n฀d฀ ฀C฀P฀-฀F฀R฀M฀s฀.฀ ฀T฀h฀e฀ ฀C฀P฀-
฀F฀R฀M฀-฀I฀I฀I฀ ฀c฀a฀n฀ ฀d฀e฀l฀i฀v฀e฀r฀ ฀t฀h฀e฀ ฀h฀i฀g฀h฀e฀s฀t฀ ฀a฀v฀e฀r฀a฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀l฀o฀w฀e฀s฀t฀ 
฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀b฀y฀ ฀u฀s฀i฀n฀g฀ ฀e฀v฀e฀n฀ ฀2฀8฀%฀ ฀l฀o฀w฀e฀r฀ ฀m฀a฀g฀n฀e฀t฀ ฀u฀s฀a฀g฀e฀ ฀t฀h฀a฀n฀ ฀t฀he
฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀.฀ ฀M฀e฀a฀n฀w฀h฀i฀l฀e฀,฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀I฀ ฀s฀h฀o฀w฀s฀ ฀s฀l฀i฀g฀h฀t฀l฀y฀ 
฀h฀i฀g฀h฀e฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀S฀P฀M฀-฀F฀R฀M฀-฀I฀.฀ ฀T฀h฀e฀ ฀h฀i฀g฀h฀e฀s฀t฀ 
฀t฀o฀r฀q฀u฀e฀ ฀r฀i฀p฀p฀l฀e฀ ฀c฀a฀n฀ ฀b฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀-฀I฀ ฀a฀n฀d฀ ฀C฀P฀-฀F฀R฀M฀-
฀I฀I฀ ฀c฀a฀s฀e฀s฀.฀ 
฀2฀)฀ ฀T฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀l฀i฀e฀s฀ ฀o฀n  
฀t฀h฀e฀ ฀b฀i฀a฀s฀e฀d฀ ฀f฀l฀u฀x฀ ฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀e฀f฀f฀e฀c฀t฀,฀ ฀i฀.฀e฀.฀,฀ ฀i฀t฀s฀ ฀a฀s฀y฀m฀m฀e฀t฀r฀i฀c฀ ฀ai฀r฀-฀g a p  
฀f฀i฀e฀l฀d฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀p฀r฀o฀d฀u฀c฀e฀s฀ ฀m฀o฀r฀e฀ ฀a฀b฀u฀n฀d฀a฀n฀t฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ 
฀r฀e฀s฀p฀o฀n฀s฀i฀b฀l฀e฀ ฀f฀o฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀g฀e฀n฀e฀r฀a฀t฀i฀o฀n฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀p฀r฀o฀v฀e฀d฀ ฀t฀o฀ ฀b฀e฀ ฀t฀h฀e฀ 
฀m฀a฀i฀n฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀o฀r฀ ฀f฀o฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀ ฀o฀v฀e฀r฀ ฀i฀t฀s฀ ฀S฀P฀M฀ 
฀c฀o฀u฀n฀t฀e฀r฀p฀a฀r฀t฀.฀ 
฀3฀)฀ ฀T฀h฀e฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀h฀a฀v฀i฀n฀g฀ ฀t฀h฀o฀s฀e฀ ฀o฀r฀d฀e฀r฀s฀ ฀o฀f฀ L1Vf
1U฀ ฀(L =฀1฀,฀ ฀2฀,฀ ฀3฀…฀)฀ ฀e฀n฀g฀a฀g฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀.฀ 
฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀a฀l฀l฀ ฀f฀i฀e฀l฀d฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀s฀ ฀s฀h฀a฀r฀e฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀ ฀w฀i฀n฀d฀i฀n฀g฀ 
฀c฀o฀n฀f฀i฀g฀u฀r฀a฀t฀i฀o฀n฀s฀,฀ ฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ ฀s฀a฀m฀e฀ ฀a฀s฀ ฀t฀h฀o฀s฀e฀ ฀o฀f฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀r฀o฀t฀o฀r฀-
฀P฀M฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀w฀i฀t฀h฀ 1U฀ r o t o r  p o l฀e฀ ฀p฀a฀i฀r฀.฀ 
฀4฀)฀ ฀T฀h฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ 
฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀r฀a฀t฀i฀o฀ ฀o฀f฀ 1V t฀o  1U , ฀t฀h฀e฀ ฀P M฀ ฀M M฀F฀ ฀h฀a฀r฀m฀o฀n฀i฀c฀ 
฀o฀r฀d฀e฀r฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀w฀i฀n฀d฀i฀n฀g฀ ฀f฀a฀c฀t฀o฀r฀.฀ ฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀o฀u฀n฀d t฀h฀a฀t฀ 
฀t฀h฀e฀i฀r฀ ฀o฀p฀t฀i฀m฀a฀l฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀i฀s฀ ฀“฀21U ≈N1V ,  N = 1 ,  2 ,  3 ,฀ ฀4฀… ”฀,฀ a฀n฀d฀ ฀1฀1฀-
฀r฀o฀t฀o฀r฀ ฀c฀a฀s฀e฀ ฀(1U฀≈ 21V฀)฀ i s p฀r฀e฀f฀e฀r฀r฀e฀d฀ ฀f฀o฀r฀ ฀6฀-฀s฀t฀a฀t฀o฀r฀ ฀m฀a฀c฀h฀i฀n฀e฀.฀ 
฀5฀)฀ ฀T฀h฀e฀ ฀a฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀a฀n฀d฀ ฀F฀E฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀ ฀a฀r฀e฀ ฀v฀a฀l฀i฀d฀a฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ 
฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀s฀ ฀o฀n฀ ฀a฀ ฀6฀-฀s฀t฀a฀t฀o฀r฀-฀s฀l฀o฀t฀/฀1฀1฀-฀r฀o฀t฀o฀r฀-฀p฀o฀l฀e฀ ฀C฀P฀-฀F฀R฀M฀ 
฀p฀r฀o฀t฀o฀t฀y฀p฀e฀.฀ 
฀I฀n฀ ฀t฀e฀r฀m฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀a฀s฀p฀e฀c฀t฀s฀,฀ ฀t฀h฀e฀ ฀C฀P฀-฀F฀R฀M฀ ฀c฀a฀n฀ ฀b฀e฀ 
฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀ ฀a฀s฀ ฀a฀ ฀p฀a฀r฀t฀i฀c฀u฀l฀a฀r฀ ฀c฀a฀s฀e฀ ฀o฀f฀ ฀F฀R฀M฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀p฀o฀t฀e฀n฀t฀i฀a฀l฀l฀y฀ 
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฀s฀u฀i฀t฀a฀b฀l฀e฀ ฀f฀o฀r฀ ฀a฀u฀t฀o฀m฀o฀t฀i฀v฀e฀ ฀g฀e฀n฀e฀r฀a฀t฀o฀r฀ ฀[฀8฀]฀,฀ ฀r฀o฀o฀f฀t฀o฀p฀ ฀w฀i฀n฀d฀ ฀p฀o฀w฀e฀r฀ 
฀g฀e฀n฀e฀r฀a฀t฀i฀o฀n฀ ฀[฀9฀]฀ ฀[฀1฀0฀]฀,฀ ฀l฀o฀w฀-฀s฀p฀e฀e฀d฀ ฀s฀e฀r฀v฀o฀ ฀d฀r฀i฀v฀e฀s฀ ฀[฀1฀1฀]฀,฀ ฀d฀i฀r฀e฀c฀t฀-฀d฀r฀i฀v฀e฀ 
฀[฀1฀2฀]฀ ฀a฀n฀d฀ ฀e฀l฀e฀c฀t฀r฀i฀c฀ ฀v฀e฀h฀i฀c฀l฀e฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀[฀2฀0฀]฀,฀ ฀e฀t฀c฀.฀ ฀S฀p฀e฀c฀i฀f฀i฀c฀a฀ll฀y ,฀ ฀i฀t฀ 
฀i฀s฀ ฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀F฀R฀M฀ ฀c฀a฀n฀ ฀a฀c฀h฀i฀e฀v฀e฀ ฀a฀ ฀g฀o฀o฀d฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀a฀s฀ ฀a฀n฀ 
฀a฀u฀t฀o฀m฀o฀t฀i฀v฀e฀ ฀g฀e฀n฀e฀r฀a฀t฀o฀r฀ ฀d฀u฀e฀ ฀t฀o฀ ฀i฀t฀s฀ ฀r฀o฀b฀u฀s฀t฀ ฀a฀n฀d฀ ฀s฀i฀m฀p฀l฀e฀ ฀r฀o฀t฀o฀r฀,฀ ฀a฀s฀ ฀w฀e฀ll฀ 
฀a฀s฀ ฀e฀a฀s฀e฀ ฀o฀f฀ ฀m฀a฀n฀u฀f฀a฀c฀t฀u฀r฀i฀n฀g฀ ฀[฀8฀]฀-฀[฀1฀1฀]฀.฀ ฀B฀e฀s฀i฀d฀e฀s฀,฀ ฀F฀R฀M฀ ฀e฀x฀h฀i฀b฀i฀t฀s฀ ฀f฀a s t฀ 
฀t฀r฀a฀n฀s฀i฀e฀n฀t฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀a฀n฀d฀ ฀i฀m฀m฀u฀n฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀r฀a฀n฀s฀i฀e฀n฀t฀ ฀s฀p฀e฀e฀d฀ ฀c฀h฀a฀n฀g฀e฀ 
฀d฀u฀e฀ ฀t฀o฀ ฀l฀o฀w฀ ฀s฀e฀l฀f฀-฀i฀n฀d฀u฀c฀t฀a฀n฀c฀e฀ ฀[฀8฀]฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀a฀n฀ ฀o฀u฀t฀e฀r฀-฀r฀o฀t฀o฀r฀ ฀F฀R฀M฀ 
฀i฀s฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀f฀o฀r฀ ฀l฀o฀w฀-฀p฀o฀w฀e฀r฀ ฀r฀o฀o฀f฀t฀o฀p฀ ฀w฀i฀n฀d฀ ฀p฀o฀w฀e฀r฀ ฀g฀e฀n฀e฀r฀a฀t฀i฀o฀n฀ ฀d฀u฀e฀ 
฀t฀o฀ ฀i฀t฀s฀ ฀h฀i฀g฀h฀ ฀f฀a฀u฀l฀t฀ ฀t฀o฀l฀e฀r฀a฀n฀c฀e฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀y฀ ฀a฀n฀d฀ ฀r฀o฀b฀u฀s฀t฀ ฀r฀o฀t฀o฀r฀ ฀s฀t฀r฀u฀c฀tu e ,฀ 
฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ ฀s฀u฀i฀t฀a฀b฀l฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀e฀m฀e฀ ฀r฀o฀o฀f฀t฀o฀p฀ ฀e฀n฀v฀i฀r฀o฀n฀m฀e฀n฀t฀ ฀[฀9฀]฀.฀ ฀T฀h฀e  
฀F฀R฀M฀ ฀f฀o฀r฀ ฀l฀o฀w฀-฀s฀p฀e฀e฀d฀ ฀s฀e฀r฀v฀o฀ ฀d฀r฀i฀v฀e฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀i฀s฀ ฀i฀n฀t฀r฀o฀d฀u฀c฀e฀d฀ ฀b฀y฀ 
฀P฀r฀o฀f฀.฀ ฀I฀.฀ ฀B฀o฀l฀d฀e฀a฀,฀ ฀e฀t฀ ฀a฀l฀ ฀i฀n฀ ฀2฀0฀0฀2฀ ฀[฀1฀1฀]฀,฀ ฀i฀t฀ ฀i฀s฀ ฀f฀o฀u฀n฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀F฀R฀M฀ ฀c a n฀ 
฀a฀c฀h฀i฀e฀v฀e฀ ฀h฀i฀g฀h฀ ฀t฀o฀r฀q฀u฀e฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀w฀i฀t฀h฀ ฀l฀e฀s฀s฀ ฀t฀h฀a฀n฀ ฀3฀%฀ ฀t฀o฀r฀q฀u฀e฀ ฀p฀u฀l฀s฀a฀t฀i฀o฀n฀.฀ 
฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀F฀R฀M฀ ฀i฀s฀ ฀r฀e฀c฀o฀g฀n฀i฀z฀e฀d฀ ฀a฀s฀ ฀a฀ ฀c฀o฀m฀p฀e฀t฀i฀t฀i฀v฀e฀ ฀c฀a฀n฀d฀i฀d฀a฀t฀e฀ ฀f฀o฀r฀ 
฀e฀l฀e฀c฀t฀r฀i฀c฀ ฀v฀e฀h฀i฀c฀u฀l฀a฀r฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀d฀u฀e฀ ฀t฀o฀ ฀i฀t฀s฀ ฀w฀i฀d฀e฀ ฀s฀p฀e฀e฀d฀ ฀r฀a฀n฀g฀e  a n d  
฀l฀a฀r฀g฀e฀ ฀t฀o฀r฀q฀u฀e฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀[฀2฀0฀]฀.฀ ฀I฀t฀ ฀i฀s฀ ฀w฀o฀r฀t฀h฀ ฀m฀e฀n฀t฀i฀o฀n฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀si฀n c e  ฀t฀h e  
฀C฀P฀-฀F฀R฀M฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀c฀a฀n฀ ฀d฀e฀l฀i฀v฀e฀r฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀o฀r฀q฀u฀e฀ ฀b฀y฀ 
฀u฀s฀i฀n฀g฀ ฀l฀e฀s฀s฀ ฀m฀a฀g฀n฀e฀t฀ ฀u฀s฀a฀g฀e฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀c฀o฀n฀v฀e฀n฀t฀i฀o฀n฀a฀l฀ ฀S฀P฀M฀-
฀F฀R฀M฀s฀,฀ ฀i฀t฀ ฀i฀s฀ ฀a฀l฀s฀o฀ ฀s฀u฀i฀t฀a฀b฀l฀e฀ ฀f฀o฀r฀ ฀t฀h฀o฀s฀e฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀r฀e฀q฀u฀i฀r฀i฀n g  h i g h  
฀c฀o฀s฀t฀-฀e฀f฀f฀e฀c฀t฀i฀v฀e฀n฀e฀s฀s฀.฀ 
5()(5(1&(6
฀[฀1฀] T฀.฀ ฀J฀.฀ ฀E฀.฀ ฀M฀i฀l฀l฀e฀r฀,฀ ฀S฀w฀i฀t฀c฀h฀e฀d฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀m฀o฀t฀o฀r฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀i฀r฀ ฀c฀o฀n฀t฀r฀ol .  ฀U . K฀.  O฀x฀f฀o฀r฀d฀ 
฀U฀n฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀P฀r฀e฀s฀s฀,฀ ฀1฀9฀9฀3฀.฀  
฀[฀2฀] I฀.฀ ฀B฀o฀l฀d฀e฀a฀,฀ ฀L฀.฀ ฀N฀.฀ ฀T฀u฀t฀e฀l฀e฀a฀,฀ ฀L฀.฀ ฀P฀a฀r฀s฀a฀,฀ ฀a฀n฀d฀ ฀D฀.฀ ฀D฀o฀r฀r฀e฀l฀l฀,฀ ฀“฀A฀u฀t฀o฀m o t i v e  e฀l e c t r i c  
฀p฀r฀o฀p฀u฀l฀s฀i฀o฀n฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀w฀i฀t฀h฀ ฀r฀e฀d฀u฀c฀e฀d฀ ฀o฀r฀ ฀n฀o฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀s฀:฀ ฀a฀n฀ 
฀o฀v฀e฀r฀v฀i฀e฀w฀,฀”฀ ,(((7UDQV,QG(OHFWURQ฀,฀ ฀v฀o฀l฀.฀ ฀6฀1฀,฀ ฀n฀o฀.฀ ฀1฀0฀,฀ ฀p฀p฀.฀ ฀5฀6฀9฀6฀-฀5฀7฀1฀1฀,฀ 
฀O฀c฀t฀.฀ ฀2฀0฀1฀4฀.฀ 
฀[฀3฀] M฀.฀ ฀C฀h฀e฀n฀g฀,฀ ฀W฀.฀ ฀H฀u฀a฀,฀ ฀J฀.฀ ฀Z฀h฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀W฀.฀ ฀Z฀h฀a฀o฀,฀ ฀“฀O฀v฀e฀r฀v฀i฀e฀w฀ ฀o฀f฀ ฀s฀t฀a฀to r  
฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀b฀r฀u฀s฀h฀l฀e฀s฀s฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀,฀”฀ ,(((7UDQV .  ,QG฀.฀ (OHFWURQ฀v฀o฀l฀.฀ 
฀5฀8฀,฀ ฀n฀o฀.฀ ฀1฀1฀,฀ ฀p฀p฀.฀5฀0฀8฀7฀-฀5฀1฀0฀1฀,฀ ฀N฀o฀v฀.฀ ฀2฀0฀1฀1฀.฀ ฀ 
฀[฀4฀] Z฀.฀ ฀Z฀h฀a฀n฀g฀,฀ ฀Y฀.฀ ฀T฀a฀o฀,฀ ฀a฀n฀d฀ ฀Y฀.฀ ฀Y฀a฀n฀,฀ ฀“฀I฀n฀v฀e฀s฀t฀i฀g฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀a฀ ฀n฀e฀w฀ ฀t฀op o l o฀g y฀ o f฀ ฀h y b r i d  
฀e฀x฀c฀i฀t฀a฀t฀i฀o฀n฀ ฀d฀o฀u฀b฀l฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀b฀r฀u฀s฀h฀l฀e฀s฀s฀ ฀D฀C฀ ฀g฀e฀n฀e฀r฀a฀t฀o฀r฀,฀”฀ ,((( 7UDQV ,QG
(OHFWURQ฀,฀ ฀v฀o฀l฀.฀ ฀5฀9฀,฀ ฀n฀o฀.฀ ฀6฀,฀ ฀p฀p฀.฀ ฀2฀5฀5฀0฀–฀2฀5฀5฀6฀,฀ ฀J฀u฀n฀.฀ ฀2฀0฀1฀2฀. 
฀[฀5฀] P฀.฀ ฀A฀n฀d฀r฀a฀d฀a฀,฀ ฀B฀.฀ ฀B฀l฀a฀n฀q฀u฀e฀,฀ ฀E฀.฀ ฀M฀a฀r฀t฀i฀n฀e฀z฀,฀ ฀a฀n฀d฀ ฀M฀.฀ ฀T฀o฀r฀r฀e฀n฀t฀,฀ ฀“฀A฀ ฀n฀o฀v฀el  t y p e  ฀o฀f฀ 
฀h฀y฀b฀r฀i฀d฀ ฀r฀e฀l฀u฀c฀t฀a฀n฀c฀e฀ ฀m฀o฀t฀o฀r฀ ฀d฀r฀i฀v฀e฀,฀”฀ ,(((7UDQV,QG(OHFWURQ฀,฀ ฀v฀o l฀.฀ ฀6฀1฀,฀ ฀n฀o฀.฀ 
฀8฀,฀ ฀p฀p฀.฀ ฀4฀3฀3฀7฀-฀4฀3฀4฀5฀,฀ ฀A฀u฀g฀.฀ ฀2฀0฀1฀4฀.฀ 
฀[฀6฀] Y฀.฀ ฀L฀i฀a฀o฀,฀ ฀F฀.฀ ฀L฀i฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀T฀.฀ ฀A฀.฀ ฀L฀i฀p฀o฀,฀ ฀“฀A฀ ฀n฀o฀v฀e฀l฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t m o t o r
฀w฀i฀t฀h฀ ฀d฀o฀u฀b฀l฀y฀ ฀s฀a฀l฀i฀e฀n฀t฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀,฀”฀ ,(((7UDQV,QG$SSO ,  v o฀l฀.  3 1 ,  n o .฀ ฀5฀,฀ ฀p฀p฀.฀ 
฀1฀0฀6฀9฀-฀1฀0฀7฀8฀,฀ ฀S฀e฀p฀.฀/฀O฀c฀t฀.฀ ฀1฀9฀9฀5฀.฀ 
฀[฀7฀] R฀.฀ ฀P฀.฀ ฀D฀e฀o฀d฀h฀a฀r฀,฀ ฀S฀.฀ ฀A฀n฀d฀e฀r฀s฀s฀o฀n฀,฀ ฀I฀.฀ ฀B฀o฀l฀d฀e฀a฀,฀ ฀a฀n฀d฀ ฀T฀.฀ ฀J฀.฀ ฀E฀.฀ ฀M฀i฀ll e฀r฀,฀ ฀“฀T฀h฀e  f l u x -
฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀:฀ ฀a฀ ฀n฀e฀w฀ ฀b฀r฀u฀s฀h฀l฀e฀s฀s฀ ฀d฀o฀u฀b฀l฀y฀-฀s฀a฀l฀i฀e฀n฀t฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t  m a g฀n฀e฀t  
฀m฀a฀c฀h฀i฀n฀e฀,฀”฀ ,(((7DQV,QG$SSO฀.฀,฀ ฀v฀o฀l฀.฀ ฀3฀3฀,฀ ฀n฀o฀.฀ ฀4฀,฀ ฀p฀p฀.฀ ฀9฀2฀5฀-฀9฀3฀4฀,฀ ฀J฀u฀n฀.฀ ฀/฀A฀u฀g฀.฀ 
฀1฀9฀9฀7฀.฀ 
฀[฀8฀] C฀.฀ ฀X฀.฀ ฀W฀a฀n฀g฀,฀ ฀I฀.฀ ฀B฀o฀l฀d฀e฀a฀,฀ ฀a฀n฀d฀ ฀S฀.฀ ฀A฀.฀ ฀N฀a฀s฀a฀r฀,฀ ฀“฀C฀h฀a฀r฀a฀c฀t฀e฀r฀i฀z฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀r฀e฀e฀ ฀p฀h฀a฀s฀e฀ 
฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀a฀s฀ ฀a฀n฀ ฀a฀u฀t฀o฀m฀o฀t฀i฀v฀e฀ ฀g฀e฀n฀e฀r฀a฀t฀o฀r฀,฀”฀ ,(((7UDQV(QHUJ\
&RQYHUV฀.฀,฀ ฀v฀o฀l฀.฀ ฀1฀6฀,฀ ฀n฀o฀.฀ ฀1฀,฀ ฀p฀p฀.฀ ฀7฀4฀-฀8฀0฀,฀ ฀M฀a฀r฀.฀ ฀2฀0฀0฀1฀.฀ 
฀[฀9฀] D฀.฀ ฀S฀.฀ ฀M฀o฀r฀e฀,฀ ฀H฀.฀ ฀K฀a฀l฀l฀u฀r฀u฀,฀ ฀a฀n฀d฀ ฀B฀.฀ ฀G฀.฀ ฀F฀e฀r฀n฀a฀n฀d฀e฀s฀,฀ ฀“฀O฀u฀t฀e฀r฀ ฀r฀o฀t฀o฀r฀ f฀l฀u x  r฀e฀v e฀r฀s a฀l฀ 
฀m฀a฀c฀h฀i฀n฀e฀ ฀f฀o฀r฀ ฀r฀o฀o฀f฀t฀o฀p฀ ฀w฀i฀n฀d฀ ฀g฀e฀n฀e฀r฀a฀t฀o฀r฀,฀”฀ ฀i฀n฀ &RQI 5HF ,((( ,$6 $QQX
0HHWLQJ฀,฀ ฀E฀d฀m฀o฀n฀t฀o฀n฀,฀ ฀A฀B฀,฀ ฀C฀a฀n฀a฀d฀a฀,฀ ฀p฀p฀.฀ ฀1฀-฀6฀.฀ 
฀[฀1฀0฀] C฀.฀ ฀H฀.฀ ฀T฀.฀ ฀L฀e฀e฀,฀ ฀K฀.฀ ฀T฀.฀ ฀C฀h฀a฀u฀,฀ ฀a฀n฀d฀ ฀C฀.฀ ฀L฀i฀u฀,฀ ฀“฀D฀e฀s฀i฀g฀n฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀ ฀of  a฀ c o s t฀-
฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀m฀a฀g฀n฀e฀t฀l฀e฀s฀s฀ ฀m฀u฀l฀t฀i฀p฀h฀a฀s฀e฀ ฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀D฀C฀-฀f฀i฀e฀l฀d฀ ฀ma c฀h i n e฀ f o r  w i n฀d฀ 
฀p฀o฀w฀e฀r฀ ฀g฀e฀n฀e฀r฀a฀t฀i฀o฀n฀,฀”฀ ,((( 7UDQV (QHUJ\ &RQYHUV฀.฀,฀ ฀v฀o฀l฀.฀ ฀3฀0฀,฀ ฀n฀o฀.฀ ฀4฀,฀ ฀p฀p฀.฀ 
฀1฀5฀6฀5฀-฀1฀5฀7฀3฀,฀ ฀D฀e฀c฀.฀ ฀2฀0฀1฀5฀.฀ 
฀[฀1฀1฀] I .฀ ฀B฀o฀l฀d฀e฀a฀,฀ ฀J฀.฀ ฀Z฀h฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀S฀.฀ ฀A฀.฀ ฀N฀a฀s฀a฀r฀,฀ ฀“฀T฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀c฀h฀a฀r฀a c t฀e฀r i฀z฀a t฀i฀o n฀ ฀o฀f฀ ฀f฀l฀u฀x฀ 
฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀n฀ ฀l฀o฀w฀-฀s฀p฀e฀e฀d฀ ฀s฀e฀r฀v฀o฀ ฀d฀r฀i฀v฀e฀s฀-฀t฀h฀e฀ ฀p฀o฀l฀e฀-฀P฀M฀ c฀o฀n฀f i g u r a t i o n , ”  
,(((7DQV,QG$SSO฀.฀,฀ ฀v฀o฀l฀.฀ ฀3฀8฀,฀ ฀n฀o฀.฀ ฀6฀,฀ ฀p฀p฀.฀ ฀1฀5฀4฀9฀-฀1฀5฀5฀7฀,฀ ฀N฀o฀v฀.฀ ฀/฀D฀e฀c฀.฀ ฀2฀0฀0฀2฀.฀ 
฀[฀1฀2฀] C฀.฀ ฀H฀.฀ ฀T฀.฀ ฀L฀e฀e฀,฀ ฀K฀.฀ ฀T฀.฀ ฀C฀h฀a฀u฀,฀ ฀C฀.฀ ฀L฀i฀u฀,฀ ฀T฀.฀ ฀W฀.฀ ฀C฀h฀i฀n฀g฀,฀ ฀a฀n฀d฀ ฀M฀.฀ ฀Ch฀e฀n฀,฀ ฀“฀A฀ ฀n e w  
฀m฀a฀g฀n฀e฀t฀l฀e฀s฀s฀ ฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀H฀T฀S฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀f฀o฀r฀ ฀d฀i฀r฀e฀c฀t฀-฀d฀r฀i฀v฀e฀ ฀a฀p฀p฀l฀i฀c฀a฀t i฀o฀n฀,฀”฀ 
,(((7UDQV$SSO 6XSHUFRQG .฀ ฀v฀o฀l฀.฀ ฀2฀5 ,  ฀n฀o฀.  5฀,฀ A r฀t฀.  ฀N฀o฀.  5฀2฀0 3 1 0฀5฀,฀ ฀J฀u฀n฀.฀ 
฀2฀0฀1฀5฀.฀ 
฀[฀1฀3฀] D฀.฀ ฀S฀.฀ ฀M฀o฀r฀e฀,฀ ฀a฀n฀d฀ ฀B฀.฀ ฀G฀.฀ ฀F฀e฀r฀n฀a฀n฀d฀e฀s฀,฀ ฀“฀A฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r฀s฀a l  ฀m a c h i n e  
b a฀s e d฀ ฀o฀n฀ f฀i฀c฀t฀i t฀i฀o u s  ฀e฀l e c t฀r฀i c a l฀ ฀g฀e a r฀,฀”  ,(((7UDQV(QHUJ\&RQYHUV฀.฀,฀ v o l฀.฀ 
฀2฀5฀,  ฀n฀o฀.฀ 4฀,฀ p p฀.฀ 9 4฀0฀-฀9 4 7฀,฀ D฀e c .฀ ฀2 0฀1฀0฀.  
฀[฀1฀4฀] H฀.฀ ฀Y฀.฀ ฀L฀i฀,฀ ฀Y฀.฀ ฀L฀i฀u฀,฀ ฀a฀n฀d฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀“฀C฀o฀m฀p฀a฀r฀a฀t฀i฀v฀e฀ ฀s฀t฀u฀d฀y฀ ฀o฀f฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l d  
฀m฀o฀d฀u฀l฀a฀t฀i฀o฀n฀ ฀i฀n฀ ฀f฀l฀u฀x฀ ฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀a฀n฀d฀ ฀v฀e฀r฀n฀i฀e฀r฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀ma c h i n e s฀, ”  
,(((7UDQ0DJQ฀.฀,฀ ฀i฀n฀ ฀p฀r฀e฀s฀s฀.
[฀1฀5 ] T .฀ H .฀ ฀K฀i฀m฀,  ฀S฀.฀ H฀.  ฀W฀o฀n฀,฀ K .฀ ฀B฀o฀ g ,฀ ฀a฀n d  ฀J฀.  ฀L฀e฀e฀,฀ ฀“฀R฀e฀d฀u฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀c฀o฀g g i฀n g฀ t o฀r฀q u e  
฀i฀n฀ ฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀b฀y฀ ฀r฀o฀t฀o฀r฀ ฀t฀e฀e฀t฀h฀ ฀p฀a฀i฀r฀i฀n฀g฀,฀”฀ ,(((7UDQV0DJQ฀,฀ ฀v฀o฀l฀.฀ 
฀4฀1฀,฀ ฀n฀o฀.฀ ฀1฀0฀,฀ ฀p฀p฀.฀ ฀3฀9฀6฀4฀–฀3฀9฀6฀6฀,฀ ฀O฀c฀t฀.฀ ฀2฀0฀0฀5฀.
฀[฀1฀6฀] Y฀.฀ ฀G฀a฀o฀,฀ ฀R฀.฀ ฀Q฀u฀,฀ ฀D฀.฀ ฀L฀i฀,฀ ฀a฀n฀d฀ ฀J฀.฀ ฀L฀i฀,฀ ฀“฀T฀o฀r฀q฀u฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀a฀n฀a฀l฀y s i฀s฀ ฀o฀f฀ ฀t฀h฀r฀e฀e -
p h฀a฀s฀e฀ f฀l฀u x  ฀r฀e฀v฀e฀r s a฀l฀ m a c฀h฀i฀n e s฀,฀”฀ ,(((7UDQV,QG$SSO . ,  ฀v฀o฀l฀.฀ ฀5฀3 ,  n o฀.  ฀3฀,฀ p p .฀ 
฀2฀1฀1฀0฀-฀2฀1฀1฀9฀,฀ ฀M฀a฀y฀.฀ ฀/฀J฀u฀n฀.฀ ฀2฀0฀1฀7฀.฀ 
฀[฀1฀7฀] X .฀ ฀Z฀h฀u฀,฀ ฀W฀.฀ ฀H฀u฀a฀,฀ ฀W฀.฀ ฀W฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀W฀,฀ ฀H฀u฀a฀n฀g฀,฀ ฀“฀A฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀b฀a฀c฀k฀-฀EM฀F฀ ฀i฀n฀ 
฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀b฀y฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀m o d u l฀a฀t฀i฀o฀n฀ 
t h฀e฀o฀r y฀,฀”฀ ,(((7UDQV .  ,QG .฀ (OHFWURQ฀ ฀i฀n฀ p r e s฀s
฀[฀1฀8฀] S .฀ ฀U฀.฀ ฀C฀h฀u฀n฀g฀,฀ ฀S฀.฀ ฀H฀.฀ ฀M฀o฀o฀n฀,฀ ฀D฀.฀ ฀J฀.฀ ฀K฀i฀m฀,฀ ฀a฀n฀d฀ ฀J฀.฀ ฀M฀.฀ ฀K฀i฀m฀,฀ ฀“฀D฀e฀v฀e฀l฀o฀p฀m e n t  ฀o f  a  
฀2฀0฀-฀p฀o฀l฀e฀–฀2฀4฀-฀s฀l฀o฀t฀ ฀S฀P฀M฀S฀M฀ ฀w฀i฀t฀h฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀ ฀p฀o฀l฀e฀ ฀r฀o฀t฀o฀r฀ ฀f฀o฀r฀ ฀i฀n฀-฀w฀h฀e฀e฀l  ฀d฀i r e c t  
฀d฀r฀i฀v฀e฀,฀”฀ ,(((7UDQV,QG(OHFWURQ฀,฀ ฀v฀o฀l฀.฀ ฀6฀3฀,฀ ฀n฀o฀.฀ ฀1฀,฀ ฀p฀p฀.฀ ฀3฀0฀2฀-฀3฀0฀9฀,฀ ฀J฀a฀n฀.฀ ฀2฀0฀1฀6฀.
[฀1฀9฀] J .฀ L i฀,฀ K .  ฀W฀a฀n฀g฀,  F .฀ ฀L฀i฀,  ฀S฀.฀ Z฀h฀u฀,฀ a n฀d฀ ฀C฀.฀ ฀L฀i฀u฀,฀ ฀“฀E฀l฀i฀m฀i฀n฀a฀t฀i฀o฀n฀ ฀o฀f e v฀e฀n฀-฀o r d e฀r฀ 
h฀a฀r m฀o฀n฀i c s฀ ฀a n d  ฀u฀n฀i p฀o฀l฀a r  ฀l฀e฀a k a฀g฀e฀ ฀f l฀u฀x฀ ฀i n฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀-฀p฀o฀l฀e฀ ฀P฀M฀ ฀m฀a฀ch i n e s  
฀b฀y฀ ฀e฀m฀p฀l฀o฀y฀i฀n฀g฀ ฀N฀-฀S฀-฀i฀r฀o฀n฀-฀S฀-฀N฀-฀i฀r฀o฀n฀ ฀r฀o฀t฀o฀r฀,฀”฀ ,(((7UDQV,QG(OHFWURQ฀,  i n  
฀p฀r฀e฀s฀s฀.฀ 
[฀2฀0฀] Y .฀ ฀G a฀o฀,฀ R .฀ ฀Q฀u฀,฀ D฀.฀ ฀L฀i฀,  ฀a฀n฀d  G .฀ ฀Z฀h฀o u ,฀ ฀“฀C฀o n฀s฀e฀q฀u฀e฀n฀t฀-฀p฀o฀l฀e฀ ฀f฀l฀u฀x฀-฀r฀e฀v e r฀s฀a l฀ 
฀p฀e฀r m a n e฀n฀t฀- m a฀g฀n฀e฀t  m a c h฀i฀n฀e฀ ฀f o฀r฀ ฀e฀l e c฀t฀r฀i c฀ ฀v฀e฀h฀i฀c฀l฀e฀ ฀p฀r฀o฀p฀u฀l฀s฀i฀o฀n฀,฀”  ,(((
7UDQV$SSO6XSHUFRQG฀.฀,฀ ฀v฀o฀l฀.฀ ฀2฀6฀,฀ ฀n฀o฀.฀ ฀4฀,฀ ฀5฀2฀0฀0฀1฀0฀5฀,฀ ฀J฀u฀n฀.฀ ฀2฀0฀1฀6฀.฀ 
฀[฀2฀1฀] Y฀.฀ ฀H฀.฀ ฀L฀i฀,฀ ฀a฀n฀d฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀“฀A฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀f฀l฀u฀x฀-฀r฀e฀v฀e฀r฀s฀a฀l฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀-฀m฀a฀g฀n฀e฀t฀ 
฀m฀a฀c฀h฀i฀n฀e฀s฀ ฀w฀i฀t฀h฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀-฀p฀o฀l฀e฀ ฀P฀M฀ ฀t฀o฀p฀o฀l฀o฀g฀i฀e฀s฀,฀”฀ ,(((฀ 7UDQV
0DJQ฀.฀,฀ ฀i฀n฀ ฀p฀r฀e฀s฀s฀.฀ 
฀[฀2฀2 ] W .  Z h a฀o฀,฀ J .  ฀Z h e n฀g ,  J .  ฀W฀a฀n฀g฀,฀ ฀G฀.฀ ฀L฀i฀u฀,฀ ฀J฀.฀ ฀Z฀h฀a฀o฀,฀ ฀a฀n฀d฀ ฀Z฀.฀ ฀Y฀a฀n฀g฀,฀ ฀“฀D฀e฀s฀i฀g฀n฀ ฀an d  
฀a฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀a฀ ฀l฀i฀n฀e฀a฀r฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀-฀m฀a฀g฀n฀e฀t฀ ฀v฀e฀r฀n฀i฀e฀r฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀w฀i฀t฀h฀ ฀i m฀p฀r฀o฀v฀e฀d฀ 
฀f o฀r฀c฀e฀ ฀d฀e฀n฀s฀i฀t฀y , ”฀ ,(((7UDQV,QG(OHFWURQ฀. ,  ฀v฀o l฀.฀ ฀6 3 ,  ฀n฀o฀.฀ ฀4฀,฀ ฀p฀p฀.฀ ฀2฀0฀7฀2฀-฀2฀0฀8฀2฀,฀ 
฀A p r .฀ ฀2฀0฀1฀6 .  
[ 2 3 ] ฀H฀.฀ ฀Y฀a฀n g ,฀ ฀H .฀ ฀L฀i฀n฀,฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀S฀.฀ ฀F฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀Y฀.฀ ฀H฀u฀a฀n฀g฀,฀ ฀“฀A฀ ฀no v e l  ฀s฀t฀a฀t฀o฀r฀-
฀c฀o฀n฀s฀e฀q฀u฀e฀n฀t฀-฀p฀o฀l฀e฀ ฀m฀e฀m฀o฀r฀y฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀”฀ ฀i฀n฀ 3URF(QHUJ\&RQYHUV&RQJUHVV
DQG([SR(&&( ,฀ ฀2฀0฀1฀6฀ ฀I E฀E฀E฀,฀ M฀i฀l w฀a฀u฀k฀e฀e฀,  U฀S฀A฀,฀ ฀2฀0฀1฀6฀.฀ ฀9฀.฀1฀8฀-฀9฀.฀2฀2฀.฀ ฀ 
฀[ 2฀4฀] H฀.฀ ฀Y a฀n฀g ,  S฀.฀ ฀L฀y฀u฀,฀ ฀H฀.฀ ฀L฀i฀n฀,฀ ฀a฀n฀d฀ ฀Z฀.฀ ฀Q฀.฀ ฀Z฀h฀u฀,฀ ฀“฀A฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀-฀m฀o฀d฀e฀ ฀s฀t฀a฀t฀o฀r฀ 
c o n฀s e q u e฀n฀t฀ ฀p฀o฀l฀e฀ ฀m฀e฀m฀o฀r฀y฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀”฀ $,3$GYDQFHV฀,฀ v l .฀ ฀8฀,฀ n o .  5 ,  ฀A฀r฀t฀.฀ ฀N฀o฀.฀ 
0 5฀6฀6฀1฀2฀,฀ ฀2฀0฀1฀8 .฀ 
[฀2 5 ] H .  Y฀a฀n฀g฀,฀ H .฀ ฀L฀i฀n฀,฀ ฀Z฀.฀ Q฀.฀ ฀Z฀h฀u฀,฀ ฀H฀.฀ ฀W฀a฀n฀g฀,฀ ฀S฀.฀ ฀F฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀Y฀.฀ ฀H฀u฀a฀n฀g฀,฀ ฀“฀A฀ ฀n฀o฀v e l  
฀f฀l฀u฀x฀-฀r e฀v฀e฀r฀s฀a฀l฀ ฀h฀y฀b฀r฀i฀d฀ ฀m฀a฀g฀n฀e฀t฀ ฀m฀e฀m฀o฀r฀y฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀”฀ ฀i฀n฀ ฀P฀r฀o฀c฀.฀  ,(((
(QHUJ\&RQYHUVLRQ&RQJUHVVDQG([SRVLWLRQ(&&(฀,฀ ฀2฀0฀1฀7 ,  p฀p .฀ ฀5฀8฀5฀3฀-
5 8฀6฀0฀.฀ ฀2฀0฀1฀7฀ ฀I฀E฀E฀E฀,฀ ฀C฀i฀n฀c฀i฀n฀n฀a฀t฀i฀,฀ ฀U฀S฀A฀,฀ ฀2฀0฀1฀7฀.฀ ฀1฀0฀.฀1฀-฀1฀0฀.฀5฀.฀ 
฀[฀2฀6฀] J .฀ ฀D฀o฀n฀g฀,฀ ฀Y฀.฀ ฀H฀u฀a฀n฀g฀,฀ ฀L฀.฀ ฀J฀i฀n฀,฀ ฀H฀.฀ ฀L฀i฀n฀,฀ ฀a฀n฀d฀ ฀H฀.฀ ฀Y฀a฀n฀g฀,฀ ฀“฀T฀h฀e฀r฀m฀a฀l฀ ฀o฀p฀t฀i฀m฀iz a t i o n  
o f฀ ฀a฀ ฀h฀i฀g฀h฀-฀s฀p฀e฀e฀d฀ ฀p฀e฀r฀m฀a฀n฀e฀n฀t฀ ฀m฀a฀g฀n฀e฀t  ฀m฀o฀t฀o฀r฀,฀”฀ ,(((7UDQV0DJQ ,  v o l .  ฀5฀0฀,  
฀n฀o฀.฀ ฀2฀,฀ ฀A r฀t฀i฀c฀l฀e฀.฀ ฀7฀0฀1฀8฀5฀0฀4฀,฀ ฀F฀e฀b฀.฀ ฀2฀0฀1฀4฀.฀ 
฀[฀2฀7฀] M฀.฀ ฀C฀h฀e฀n฀g฀,฀ ฀X฀.฀ ฀W฀a฀n฀g฀,฀ ฀L฀o฀s฀s฀ ฀C฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀t฀h฀e฀r฀m฀a฀l฀ ฀a฀n฀a฀l฀ys฀i฀s฀ ฀f฀o฀r฀ n฀i฀n฀e฀-
฀p฀h a s e  ฀f฀l฀u฀x฀ ฀s฀w i฀t฀c฀h฀i฀n g  p e r m฀a n e฀n฀t฀ ฀m฀a฀g฀n฀e฀t฀ ฀m฀a฀c฀h฀i฀n฀e฀,฀”฀ ,(((7UDQV฀.฀ (QHUJ\
&RQYHUV .฀v฀o฀l฀.฀ 3 3 ,  n o .  ฀4 ,  ฀p฀p .฀ ฀2฀1฀3฀3฀-฀2฀1฀4฀2฀,฀ ฀M฀a฀y฀.฀ ฀2฀0฀1฀8฀.฀ 
[฀2 8 ] M฀.  C฀h฀e฀n฀g฀,฀ P฀.  H฀a฀n฀,฀ ฀a฀n฀d฀ ฀W฀.฀ ฀H฀u฀a฀,฀ ฀“฀G฀e฀n฀e฀r฀a฀l฀ ฀a฀i฀r฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀m฀o฀d฀u฀l฀a฀ti o฀n  ฀t฀h e o r y฀ 
฀f฀o฀r฀ ฀e฀l฀e฀c฀t฀r฀i฀c฀a฀l฀ ฀m฀a฀c฀h฀i฀n฀e฀s฀,฀”฀ ,(((7UDQV .,QG .฀ (OHFWURQ฀v฀o฀l฀.฀ ฀6฀4฀,฀ ฀n฀o฀.฀ ฀8฀,฀ ฀p฀p฀.฀ 
฀6 0 6 3 -฀6 0 7 4฀,  A฀u฀g฀.฀ 2฀0฀1฀7฀.
[฀2 9 ] Z .  Q .฀ ฀Z฀h u  ฀a฀n฀d  ฀Y .฀ ฀L i฀u฀,฀ ฀“฀A฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀a฀i฀r฀-฀g฀a฀p฀ ฀f฀i฀e฀l฀d฀ ฀m฀o฀d฀u฀l฀a฀t฀i฀o n฀ ฀a฀n฀d฀ ฀m a g n e฀t฀i c฀ 
g e a r฀i฀n g  e f f฀e฀c฀t฀ ฀i฀n฀ ฀f฀r฀a฀c฀t฀i฀o฀n฀a฀l฀-฀s฀l฀o฀t฀ ฀c฀o฀n฀c฀e฀n฀t฀r฀a฀t฀e฀d฀-฀w฀i฀n฀d฀i฀n฀g฀ ฀pe r m฀a฀n฀e฀n฀t฀-฀m a g n฀e฀t฀ 
฀s y n c h r o n o u s  m a c h฀i฀n฀e s , ”  ,(((7UDQV .  ,QG฀.฀ (OHFWURQ฀ v฀o฀l฀.  6฀5฀,฀ ฀n฀o฀.฀ ฀5฀,฀ ฀p฀p฀.฀ 
3 6 8 8 - 3 6฀9฀8฀,฀ ฀M฀a฀y฀.฀ ฀2฀0฀1฀8฀.
[ 3฀0฀] B .฀ ฀G a u s s฀e฀n฀s฀,฀ ฀O฀.฀ ฀B฀a฀r฀r฀i฀e฀r฀e฀,฀ ฀E฀.฀ ฀H฀o฀a฀n฀g฀,฀ ฀J฀.฀ ฀S฀a฀i฀n฀t฀-฀M฀i฀c฀h฀e฀l฀,฀ ฀P .  M฀a฀n฀f฀e฀,฀ ฀M฀.  
฀L฀e฀c฀r฀i฀v฀a฀i฀n฀,฀ ฀a฀n฀d฀ ฀M .฀ ฀G a b s i ,฀ ฀“฀M a g฀n฀e฀t฀i฀c฀ ฀f฀i฀e฀l฀d฀ ฀s฀o฀l฀u฀t฀i฀o฀n฀ ฀i฀n฀ ฀d฀o฀u฀b฀l฀y฀ s l o฀t฀t฀e฀d฀ 
a i฀r฀g a p  ฀o฀f฀ c o n v e n฀t฀i o n a l  ฀a฀n฀d฀ ฀a฀l฀t฀e฀r฀n฀a฀t฀e฀ ฀f฀i฀e฀l฀d฀-฀e฀x฀c฀i฀t฀e฀d฀ ฀s฀w฀it c h e d -฀f฀l u x  
t o p o l o g฀i e s , ”฀ ,((( 7UDQV 0DJQ฀,฀ ฀v฀o฀l฀.฀ ฀4฀9฀,฀ ฀n฀o฀.฀ ฀9฀,฀ ฀p฀p฀.฀ ฀5฀0฀8฀3฀-฀5฀0฀9฀6฀,฀ ฀S฀e฀p฀.฀ 
฀2฀0฀1฀3฀.฀ 
฀[฀3฀1 ] D .฀ Z a r k฀o ,  D .฀ ฀B฀a n ,  a n d  ฀T฀.฀ ฀A฀.฀ ฀L฀i฀p฀o฀,฀ ฀“฀A฀n฀a฀l฀y฀t฀i฀c฀a฀l฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀ o f  m a g n e฀t c  
฀f฀i฀e฀l฀d฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t i o฀n฀ ฀i฀n฀ ฀t฀h฀e฀ ฀s l฀o฀t฀t฀e฀d฀ ฀a฀i฀r฀ ฀g฀a฀p฀ ฀o฀f฀ ฀a฀ ฀s฀u฀r฀f฀a฀c฀e฀ p e r m a n e n t฀- m฀a฀g฀n฀e฀t฀ 
฀m o t o r฀ ฀u฀s฀i฀n฀g฀ ฀c฀o฀m฀p l e x  r e l a t฀i฀v฀e฀ ฀a฀i฀r฀g฀a฀p฀ ฀p฀e฀r฀m฀e฀a฀n฀c฀e฀,฀”฀ ,(((7UDQV0DJQ฀,฀ 
฀v฀o฀l฀.฀ 4฀2฀,฀ ฀n฀o .  7 ,฀ ฀p฀p฀.฀ ฀1฀8฀2฀8฀-฀1฀8฀3฀7฀,฀ ฀J฀u฀l฀.฀ ฀2฀0฀0฀6฀.
฀ 
